


Digitized  by  the  Internet  Archive 
in  2013 

http://archive.org/details/generaltechnical2945nort 











)A  FOREST  SERVICE 

slERAL  TECHNICAL  REPORT  NC- 2  9 

iriLDLIFE 
»FTHE 
*RAIRIES  A^W,  PL^^S <EITH  E.  EVANS  AND  GEORGE  E.  PROBASCO 

NORTH  CENTRAL  FOREST  EXPERIMENT  STATION 
FOREST  SERVICE 
U.S.  DEPARTMENT  OF  AGRICULTURE 



CONTENTS 

The  Resource    1 

Habitat  Management    12 
Discussion    14 
Literature  Cited    15 

North  Central  Forest  Experiment  Station 
John  H.  Ohman,  Director 

Forest  Service  -  U.S.  Department  of  Agriculture 
1992  Folwell  Avenue 

St.  Paul,  Minnesota  55108 

Manuscript  approved  for  publication  January  5,  1976 

1977 



o 
u 

>■ 

Q 

< 
Z 
o 

< 
z 
UJ 

Z 

I- 

>- CO 

O 
Z 

O 
SQ 



THE  AUTHORS 

Keith  E.  Evans  is  a  Principal  Wildlife 
Biologist  and  Project  Leader  at  Columbia, 
Missouri,  specializing  in  research  on  the 
impacts  of  land  use  alternatives  on  nongame 
species  on  the  Ozark  Plateau.   Keith  holds 
B.S.  and  M.S.  degrees  from  Colorado  State 
University,  where  he  majored  in  wildlife 

management,  and  a  Ph.D.  from  Cornell  Uni- 
versity, where  he  majored  in  wildlife  sci- 

ence and  minored  in  animal  nutrition  and 
forest  conservation.   Keith  was  employed  by 

the  Rocky  Mountain  Forest  and  Range  Exper- 
iment Station  for  8  years  before  moving  to 

Columbia,  Missouri  in  1972. 

George  E.  Probasco  is  an  Associate 
Research  Wildlife  Biologist  at  Columbia, 
Missouri.   He  received  hie  B.S.  in  Zoology 
in  1966  from  Ft.  Hays,  Kansas  State  College, 
and  his  M.S.  in  Range  Management  in  1968 
from  the  University  of  Wyoming.   He  is 
currently  studying  the  influence  of  eastern 
redcedar  invasion  on  bird  and  small  mammal 

populations  of  the  Ozark  gladelands. 



WILDLIFE  OF  THE  PRAIRIES  AND  PLAINS 

Keith  E.  Evans  and  George  E.  Probasco 

The  extensive  and  diverse  grasslands 

of  North  America  were  maintained  and  per- 
petuated under  the  land  use  policies  of  the 

aborigines.   Grasses  dominated  the  low  rain- 
fall Great  Plains  for  many  thousands  of 

years  and  still  do  except  where  cultivation 
or  destructive  grazing  have  occurred.   Fire 
was  required  in  the  higher  rainfall  prairie 
and  savannah  areas  to  control  woody  plant 
encroachment.   Some  of  the  wildlife  species 
adapted  to  these  grasslands  included  bison, 
antelope,  elk,  bear,  rabbits,  prairie 
dogs,  wolves,  coyotes,  and  grouse.   The 
river  bottoms  and  badlands  in  the  area 

provided  habitat  for  deer,  Audubon's  big- 
horn sheep,  bobcat,  mountain  lion,  turkey, 

quail,  and  waterfowl. 

In  the  late  1800's  the  American  fron- 
tier expanded  westward — the  day  of  the  true 

"wild  west".   Settlement  under  the  Home- 
stead Act  of  1862  encouraged  many  people 

to  settle  on  the  prairies  and  plains.   In 
a  short  span  of  time  the  area  changed  from 
wild  grasslands  teeming  with  wildlife  to 
civilized  areas  of  farms,  ranches,  fences, 
towns,  roads,  and  railroads.   The  19th 
century  witnessed  the  beginning  and  end 
of  the  Oregon  Trail,  gold  rushes,  open 
range,  and  cattle  drives. 

The  wet  years  and  high  prices  asso- 
ciated with  World  War  I  made  the  Great 

Plains  look  like  the  promised  land  to  many 
farmers.   However,  the  years  of  productiv- 

ity and  profits  gained  by  cultivating  low 
rainfall  areas  were  short.   First  came  low 

Dostwar  prices,  then  high  taxes,  low  rain- 

fall, and  dust.   Thus  began  the  "dust 
30wl"  days  of  the  1930' s. 

For  the  most  part,  the  economy  and 
Land  use  patterns  on  the  North  American 
jrasslands  have  again  become  fairly  stable. 
i   large  proportion  of  the  original  grass- 
Lands  are  now  being  cultivated.   The  tall 
jrass  prairie  once  covered  42  million 
teres,  but  now  has  been  reduced  to  18 

lilllon  acres .   Over  much  of  the  remaining 
incultlvated  tall  grass  prairie  region, 
.Ivestock  overgrazing  has  altered  the 

plant  and  animal  composition  drastically. 
Extensive  areas  are  managed  for  livestock 
production  by  perpetuating  the  native 
flora.   These  areas  are  inhabited  by  many 
wildlife  species. 

THE  RESOURCE 

Grasslands  encompass  the  most  extensive 
and  varied  of  all  plant  communities  in 
North  America  (fig.  1).   The  mldcontlnent 
grassland  extends  2,500  miles  north  to 
south  and  averages  400  miles  in  width  from 
the  Rocky  Mountains  east  as  far  as  Illinois. 

It  includes  four  of  the  eight  major  grass- 
land types  recognized  in  North  America: 

(1)  oak-bluestem  savannah,  (2)  tall  grass, 
(3)  mixed  grass,  and  (4)  short  grass.   The 
remaining  four  are:   (5)  bunch  grass, 
such  as  the  palouse  prairie  in  Oregon, 
Idaho,  and  Washington,  (6)  annual  grass 

in  the  California's  Central  Valley,  (7) 
desert  grassland  in  New  Mexico  and  Arizona, 
and  (8)  the  coastal  prairies  in  Texas, 
Louisiana,  Maryland,  New  Jersey,  New  York, 
Rhode  Island,  and  Massachusetts. 

The  oak-bluestem  savannah  stretches 
from  southeast  North  Dakota  and  middle- 
west  Minnesota  south  along  the  eastern  edge 
of  the  tall  grass  prairie  to  mideastern 
Texas.   It  is  actually  the  transition  zone 
or  ecotone  between  the  eastern  deciduous 
forest  and  the  tall  grass  prairie. 
Scattered  segments  of  savannah  occur 

throughout  the  oak-hickory  forest  and  the 
eastern  part  of  the  bluestem  prairie. 

The  bluestem-oak-hickory  forest  mosaic, 
cedar  glades,  and  cross  timber  vegetation 

types  of  Kuchler's  (1964)  Potential 
Natural  Vegetation  Map  are  included  as 
savannah.   The  greater  part  of  the  Ozark 
Dome  is  often  included  as  part  of  the 
savannah  (Marbut  1911,  Davis  1964). 

The  tall  grass  prairie  formerly 
occupied  the  ecotone  between  the  savannah 
and  the  mixed  grass  prairie.   Fire  was  an 
Important  factor  in  preventing  the  forest 
type  from  invading  the  prairie  (Curtis 



KEY  TO  GRASSLAND  TYPES: 
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Figure  1. — Principal  gvaeeland  types  of  the  United  States, 

1959) .   Currently  most  of  the  tall  grass 
prairie  has  been  converted  to  forest,  to 
mixed  grass,  or  plowed.   The  conversion  to 

mixed  grass  resulted  from  prolonged  exten- 
sive livestock  grazing. 

The  mixed  grass  or  needlegrass- 

wheatgrass-grama  grass  (Stipa-Agropyron- 
Bouteloua)    community  occupies  the  area  west 
of  the  tall  grass  region,  nearly  to  the 
foothills  of  the  Rocky  Mountains.   There 
is  no  definite  line  between  the  mixed 

grass  and  short  grass  (Bouteloua-Buchloe) 
vegetation  types.   The  thin  soil  and  low 
precipitation  areas  are  dominated  by  the 
short  grass  species  whereas  the  northern 
and  eastern  Great  Plains  areas  contain  a 

vegetation  type  dominated  by  the  mixed 
grass  species. 

General  aspects  of  the  other  grass- 
land types  are  discussed  in  subsequent 

sections  of  this  paper. 

Terrain,  Soil,  and  Climate 

The  topography  of  the  midcontinent 
grasslands  is  variable,  but  generally  it  is 
moderately  rolling.   Some  areas,  such  as 
the  Red  River  Valley,  are  virtually  flat; 
other  areas  (river  breaks)  along  the  major 
drainages  are  steep.  Major  soil  groups 
include  Alfisols,  Mollisols,  Vertisols, 
Inceptisols,  and  Aridisols.   There  is  a 
gradient  from  the  cool,  moist  soils  in  the 
northeast  to  the  warm,  dry  soils  in  the 
southwest. 

Climate  of  the  midcontinent  grass- 
lands is  temperate  and  subject  to  extreme 

fluctuations.   Summers  in  the  north  are 
hot  and  winters  are  cold  while  in  the  south 

winters  are  less  severe.   Temperatures 

range  from  -40  C  to  +40  C  in  the  north 
and  from  -10  C  to  +40  C  in  the  south 

(Kincer  1941).   The  frost-free  season 
ranges  from  less  than  4  months  in  the 
north  to  nearly  the  entire  year  in  southern Texas. 



When  periodic  droughts  occur,  the 
precipitation  failure  usually  occurs  in 
July  and  August.   During  these  droughts 
rainfall  will  vary  from  50  to  90  percent 
of  normal  (Borchert  1950).  Average  annual 
precipitation  varies  from  115  cm  in  the 

savannah  to  65-80  cm  in  the  tall  grass 
prairie,  to  50  cm  in  the  mixed  grass 
prairie,  and  to  less  than  35  cm  in  parts 
of  the  short  grass  prairie.   Evaporation 
is  a  significant  factor  in  midcontinent 
grassland  climate.   Except  in  the  savannah 
and  tall  grass  prairie,  the  evaporation 
potential  exceeds  precipitation.   Strong 
winds  prevail  over  the  grasslands  inducing 

high  evaporation  rates  and  exerting  con- 
siderable influence  on  the  thermoregulatory 

behavior  of  homeothermic  wildlife.  Winds 

often  become  more  intense  during  drought 
periods  (Borchert  1950) . 

The  other  grassland  areas  have  dif- 
ferent climates.   The  coastal  prairies  are 

wet,  humid,  and  generally  mild,  and  not 
subject  to  the  temperature  extremes  of  the 
intercontinental  areas.  Annual  precipitation 
for  the  coastal  prairies  ranges  from  100 
to  140  cm.  Average  annual  temperatures  in 
the  northern  areas  range  from  a  low  of  0  C 
to  a  high  of  25  C,  while  in  the  southern 
areas  temperatures  range  from  13  C  to  30  C. 
The  bunch  grass  (palouse)  prairie  receives 
most  of  its  moisture  in  the  form  of  winter 

snow.   The  California  Central  Valley  and 
desert  grasslands  usually  receive  winter 

rain  with  hot ,  dry  summers .   Annual  precip- 
itation in  these  grasslands  is  generally 

50  cm  or  less .  Average  annual  temperatures 
in  the  bunch  grass  prairie  range  from 

-5  C  to  25  C.   In  the  latter  two  grassland 
areas  the  temperature  range  is  5  C  to 
27  C  (Kincer  1941). 

Vegetation 

Weaver  (1954)  suatmarlzed  the  Impacts 
of  drought  and  Daubenmlre  (1968)  of  fire 

on  grasslands .   Under  extended  drought  con'- 
ditions,  the  grass  cover  Is  reduced  and 
the  plant  species  composition  altered 
(Albertson  et  al.    1957,  Coupland  1958). 

Fire,  which  frequently  accompanies 
the  drought,  makes  additional  demands  upon 
the  vegetation.   Some  woody  plants  such 
as  black  oak  {Quercus  velutina) ,    eastern 

! redcedar  (Juniperus  virginiana) ,    and  ashe's 
juniper  {Juniperus  ashei)   are  particularly 
vulnerable  to  fire. 

Native  Americans  and  early  settlers 
utilized  fire  to  attract  and  hold  game  and 
to  prepare  the  range  for  early  spring 
grazing.   Fire  suppression  efforts  early 
in  this  century  effectively  reduced  the 
use  of  fire  for  these  purposes.   However, 
research  in  the  Kansas  Flint  Hills 

(Anderson  et  at.    1970),  Missouri  (Kucera 
and  Koelling  1964) ,  and  Texas  (Wright 
1974a,  1974b)  reveal  that  obligate 
relations  may  exist  between  fire  and  some 
grassland  plants. 

Drought,  fire,  cultivation,  and  grazing 
all  influence  vegetation  composition.   The 
influence  of  the  vast  herds  of  bison  is 

probably  the  least  understood  influence. 
For  example,  there  is  disagreement  as  to 
the  successional  status  of  the  short  grass 
plains.  Many,  including  Shelford  (1963), 
distinguish  the  short  grass  type  as  a 
distinctive  unit  (climax  vegetation  type) . 
Weaver  and  Albertson  (1956)  refer  to  the 
short  grass  as  a  disclimax  reflecting  past 

grazing  use.   Larson  (1940)  offered  the 
following  evidence  to  support  the  view  that 
the  short  grass  plains  represent  the  true 
climax  of  the  pristine  blome: 

1.  Historical  records  indicate  the 

large  herbivores  stocked  the  plains 

to  carrying  capacity  and  the  in- 
troduction of  livestock  was  merely 

a  substitution  for  grazing  by 
wildlife. 

2.  Explorers  and  pioneers  referred 
to  the  short  grass  plains  long 
before  livestock  was  Introduced. 

3.  The  marked  ability  of  the  short 
grass  dominants  to  withstand 
grazing,  indicating  they  evolved 
with  grazing  as  an  environmental 
factor. 

Regardless,  bison  stocking  rates 
probably  varied  from  extremely  heavy  use 
to  no  use  because  fences  were  not  present 
to  restrict  bison  grazing.  Moreover,  the 
grasslands  in  presettlement  times  probably 
were  subjected  to  frequent  and  erratic 
periods  free  of  grazing  during  which 
changes  in  vegetation  occurred  because  of 
climatic  or  moisture  conditions. 

Overgrazing  by  bison,  however,  prob- 
ably did  encourage  the  growth  of  short 

grass  species  and  produced  conditions 

favoring  the  "invasion"  of  some  annual  or 
biennial  species. 



The  former  tall  grass,  oak-bluestem 
savannah,  and  mixed  grass  types  today  make 

up  one  of  the  most  productive  crop-growing 

regions  in  the  world:   the  first  two  com- 
bined are  known  as  the  "Corn  Belt";  the 

third,  the  "Wheatland".   The  vegetation  of 
those  portions  of  these  areas  still  re- 

maining in  grass  has  often  been  altered 
because  cool  season  species  have  been 

planted  to  replace  native  warm  season 
grasses. 

A  vegetation  gradient,  corresponding 
to  the  soils  gradient,  occurs  across  the 
midcontinent  grasslands  from  east  to  vest 
and  from  north  to  south.   Ecologlsts  divide 
the  area  into  several  vegetation  types, 
however,  the  ecotones  or  transition  zones 
between  types  are  wide,  variable,  and  depend 
on  past  land  use  and  climatic  conditions. 
Much  of  the  region  is  actually  a  mosaic 
of  several  types.  A  wide  diversity  of 
plants  occur  on  the  grasslands.   The 
following  discussion  is  limited  to  a  few 
of  the  dominant  species. 

Big  bluestem  iAndropogon  gevardi)^ 
is  the  dominant  component  in  the  oak 
savannah  and  tall  grass  prairie.   Big 
bluestem  also  occurs  on  better  sites 

throughout  the  mixed  grass  prairie.   Sand 
bluestem  {A.    hatlii) ,  a  close  relative  of 
big  bluestem,  occurs  on  sandy  soils  in 
the  tall,  mixed,  and  short  grass  prairie. 
Little  bluestem  (^.  socpopiuB)    dominates 
the  drier,  upland  portions  of  the  savannah 
and  extends  its  range  westward  to  become 
an  Important  dominant  throughout  the  mixed 
grass  prairie.   Little  bluestem  Is  a  warm 
season  bunch  grass  that  commonly  provides 
excellent  cover  for  many  wildlife  species. 
There  are  many  more  species  of  Andropogone j 
but  the  only  other  one  noted  here  is 

broomsedge  (i4.  virginicus) ,   which  commonly 
occurs  on  old  fields  and  overgrazed 
pastures  in  the  east. 

Other  warm  season  grasses  associated 

with  the  tall  grass  prairie  include  switch- 
grass  (Panioim  virgatum)    and  Indian  grass 
{SoTghastnan  nutans) .   Prairie  cordgrass 
{Spartina  peotinata)   occurs  around  the 
prairie  marshes  and  along  the  drainage 
systems  throughout  the  tall  and  mixed  grass 
prairie.   Warm  season  grasses  also  dominate 
the  short  grass  areas.   Blue  grama  (Bouteloua 
gracilis)   and  buffalo  grass  (Buchloe 

daatyloides)   occur  on  the  dry  and  abused 
sites  throughout  the  mixed  grass  area  and 
dominate  the  short  grass  plains. 

The  mixed  grass  prairie  contains  com- 
ponents of  the  tall  grass  prairie  on  the 

better  sites  and  species  from  the  short 
grass  plains  on  the  thin  soil  or  dry  sites 
or  where  abusive  grazing  has  been  practiced. 
There  also  are  a  number  of  grass  species 
that  reach  heights  of  60  to  90  cm  and  fill 
the  niche  between  the  tall  grasses  (often 
over  2  m) ,  and  the  short  grass  (less  than 
20  cm) .   These  include  western  wheatgrass 

{Agropyron  smithii) ,    side-oats  grama 
{Bouteloua  aurtipendula) ,   several  species 
of  needlegrass  {Stipa   spp.),  Junegrass 
{Koelevia  cvistata) ,  and  several  species  of 

dropseeds  (Sporobolus   spp.).   Cool  season 
grasses  play  an  Important  role  throughout 
the  mixed  grass  prairie  and  are  dominant 
on  the  northern  Great  Plains. 

Herbaceous  broadleafed  plants  (forbs) 
increase  the  range  forage  value  and  provide 
esthetical  values  to  photographers  and 

other  rangeland  recreatlonlsts .   The  com- 
posite family  (Composltae)  and  the  legume 

family  (Leguminosae)  are  well  represented. 
Common  composites  include  sunflowers 

{Eelianthus   spp.),^  roslnweeds  (Silphium 
spp.),  and  conef lowers  (Eatibida   spp., 
Rudbeakia   spp . ,  and  Echinacea   spp . ) . 
Common  legumes  include  leadplant  (Amorpha 
spp.),  false  indigos  (Baptisia   spp.), 
prairie  clovers  (PetaZostemum   spp.),  and 
Psoralea   spp. 

Common  shrubs  and  trees  occurring  on 
the  savannah  and  tall  grass  prairie  include: 
smooth  sumac  {Rhus  glabra) ,  snowberry 

(Symphoricarpos   spp . ) ,  dogwood  (Coimue 
spp.),  hawthorn  (Crataegus   spp.),  plum 
(Prunus   spp.),  hazelnut  (CoryZus  americana) , 
oak  iQuercus   spp.),  elm  QJlmus   spp.),  and 
eastern  redcedar  (Juniperus  virginiana) 
(Alkman  1929,  Bruner  1931,  Curtis  1959, 
Kucera  1960,  Weaver  1954). 

Periodic  droughts  restrict  woody  plant 
Invasion  on  the  mixed  and  short  grass 
plains  to  the  moist  areas  along  drainages. 
These  woodlands  provide  cover,  food,  and 
landscape  diversity  for  many  wildlife 
species.   Dominant  trees  include:   ash 
(^raxinus   spp.),  cottonwood  (Populue   spp.), 
willow  (Salix   spp.),  elm  QJlmus   spp.),  and 
boxelder  {Acer  negxmdo) .  Many  shrub  species 
occupy  the  understory. 

Nomenclature  for  grasses  follows 
Hitchcock   (1950). 

^Nomenclature  for  forbs j   shrubs,   and 
trees  from  Harrington  (1954). 



The  palouse  region  and  California 
Valley  were  originally  dominated  by  bunch 
grass  species,  such  as  bluebunch  wheat- 
grass  (Agropyron  spiaatum)   and  Idaho  fescue 
(Pestuca  idahoensis) .     The  palouse  prairie 
is  now  mostly  under  cultivation  and  the 
California  Valley  has  been  converted  to  an 
annual  grassland  containing  many  introduced 
species  including  chess  {Bvomus   spp.)- 
The  desert  grasslands  are  dominated  by 

curly  mesquite  {HilajHa  belangeri) ,    galleta 
{HiZaria  jamesii) ,   and  grama  {Bouteloua 
spp.).   The  coastal  prairies  contain  mostly 
tall  grass  species  such  as  bluestem 

iAndropogon   spp.)  and  cordgrass  {Spartina 
spp.). 

Wildlife  Species 

Waterfowl 

The  destruction  of  waterfowl  habitat 

lagged  behind  the  destruction  of  most  of 
the  prairie  by  the  plow  because  it  was 
easier  to  plow  the  dry  uplands  than  to 
drain  the  wetlands.   Only  a  few  years  later, 
with  the  development  of  large  equipment 

(early  1900 's)  and  govermental  assistance 
programs  (1930's),  large-scale  drainage 
programs  were  initiated.   By  the  1950 's, 
these  had  reduced  the  original  wetlands  in 
the  United  States  from  127  million  acres 

to  82  million  acres  (Llnduska  1964) . 

Prairie  potholes  are  the  backbone  of 
duck  production  in  North  America.   The 
prairie  potholes  region,  300,000  square 
miles,  makes  up  only  10  percent  of  the 
total  waterfowl  breeding  area  of  this 
continent,  yet  produces  50  percent  of  the 

duck  crop  in  an  average  year — more  during 
good  years  (Llnduska  1964) . 

With  a  few  wet  years  the  prairie 
potholes  provide  habitat  for  a  rapidly 
expanding  waterfowl  population.   Several 
successive  drought  years  bring  an  Inevitable 

crash.   Although  droughts  cause  short- 
term  declines  in  duck  numbers,  they  help 
to  maintain  fertility  and  increase  pond 

life.   These  long-term  advantages  probably 
far  outweight  the  short-term  disadvantages. 

Fifteen  species  of  ducks  nest  commonly 

in  the  prairie  pothole  region.  Most  abun- 

dant are  the  mallard  {Anas  platyrhynchos) ,^ 
pintail  {Anas  acuta) ,  and  blue-winged  teal 
{Anas  discors) .     Other  species  include 

^ Avian  nomenclature  follows  American 
Ornithologists'  Union  (1957). 

shovelers  {Spatula  clypeata)   and  gadwalls 
{Anas  strepera) ,   which  seek  the  grasslands; 

green-winged  teal  {Anas  carolinensis) , 
lesser  scaup  {Aythya  af finis) ,   bufflehead 
{Buaephala  albeola) ,   ring-necked  ducks 
{Aythya  collaris) ,    common  goldeneyes 
{Buaephala  clangula) ,    and  white-winged 
scoters  {Melanitta  deglandi) ,   which  are 
more  abundant  In  the  semiforested  park 
lands;  and  redheads  {Aythya  americana) , 
canvasbacks  {Aythya  valisineria) ,    and  ruddy 
ducks  {Oxyura  jamaicensis) ,   which  seem  con- 

tent with  either  a  park  land  or  a  prairie 
habitat  (Llnduska  1964)  . 

Over  most  of  the  northern  unglaclated 
mixed  grass  plains,  natural  ponds  were 
scarce  under  pristine  conditions.   Since 

the  early  1930*8  more  than  300,000  stock 
ponds  have  been  constructed  in  North  and 
South  Dakota,  Minnesota,  and  Montana  and 
10,000  have  been  constructed  on  the  prairie 
provinces  of  Canada.   These  ponds  produce 
about  1,000,000  waterfowl  each  year 
(Llnduska  1964)  .   Duck  breeding  population 
estimates  vary  between  3.3  pairs  per 
square  mile  (1.8  pairs  per  surface  acre 
of  water),  according  to  Lokemoen  (1973) 
and  7.0  pairs  per  square  mile  (2.3  pairs 
per  surface  acre  of  water) ,  according  to 
Bue  et  al.    (1952) .   Broods  averaged  from 

0.79  per  acre  of  stock-watering  pond 
(Lokemoen  1973)  to  1.5  broods  per  acre  of 
pond  (Bue  et  al.    1952). 

During  recent  years,  populations  of 
the  Canada  goose  {Branta  canadensis) ,   such 
as  those  wintering  on  the  short  grass 
plains,  have  steadily  increased  because 
prairie  lands  have  been  cultivated  and 
bodies  of  water  Impounded.   Irrigation 

using  water  from  these  impoundments  and 
from  wells  has  provided  large  acreages  of 
wheat,  milo,  and  corn  that  offer  more  and 
better  foods  than  do  native  grasses 
(Grleb  1970). 

Upland  Game  Birds 

Before  settlement,  greater  prairie 

chickens  {Tympanuchus  cupido)   were  confined 
primarily  to  the  tall  grass  prairie.   Their 
range  gradually  extended  westward  as  the 
native  sod  gave  way  to  farms  and  wheat 
fields  throughout  the  mixed  grass  prairie 

types  (Cooke  1909)  .   Prairie  chicken  pop- 
ulations thrived  with  white-man's  first 

attempt  at  farming.   This  was  attributed 
to  the  abundance  of  food  and  undisturbed 

nesting  areas  ("prairie-type"  land  inter- 
mingled with  patch  farming) .  With  patch 



fanning  operations,  prairie  chicken  pop- 
ulations peaked  in  Iowa  about  1880  when 

69  percent  of  the  State  was  cultivated. 
By  1900,  90  percent  of  Iowa  was  cultivated 
and  prairie  chicken  numbers  were  decreasing 
(Stempel  and  Rodgers  1961). 

Prairie  chickens  were  first  recorded 

in  North  Dakota  in  the  early  1880 's 
(Johnson  1964)  and  in  Colorado  in  1897 
(Sclater  1912).   Their  populations  increased 

and  flourished  during  the  "good  pinnate 
years"  between  1900  and  1930.  With  the 
dust  bowl  days  of  the  1930 's  small  ranches 
and  farms  were  abandoned  or  incorporated 
into  larger  holdings.   This  led  to  large 
areas  of  intensive  cultivation  on  the  better 

soils  and  grasslands  only  where  the  soils 
were  too  sandy  or  the  land  too  hilly  to 
farm.   With  very  little  winter  food  on 
the  grasslands  and  virtually  no  nesting 
cover  on  the  farmlands,  prairie  chicken 
numbers  decreased  drastically.   Prairie 
chicken  numbers  followed  this  same  pattern 
over  most  of  the  Great  Plains  (Beck  1957, 
Evans  and  Gilbert  1963,  Johnson  196A)  . 

The  lesser  prairie  chicken  (.Tympanuohue 
pallidicinctus)    inhabits  a  small  area  of 
grassland  and  brushland  located  in 

northern  Texas,  western  Oklahoma,  south- 
western Kansas,  southeastern  Colorado, 

and  eastern  New  Mexico.   Their  populations 

are  fairly  stable.   Habitat  of  the  Attwater's 
prairie  chicken  {Tympemuahus  cupido 
attwateri)    is  disappearing  along  the  Texas 
Culf  Coast;  consequently,  this  bird  is 
currently  listed  as  an  endangered  species. 
The  heath  hen  (Tympcmuchus  oupido  cupido) , 
which  formerly  occupied  the  coastal 
prairies  of  the  New  England  States,  is 
now  extinct. 

Since  pioneering  days  the  sharp- 
tailed  grouse  {Pedioecetes  phasianellus) 
has  been  a  part  of  the  animal  life  on  the 
brushlands,  park  lands,  savannahs,  and 
plains  of  much  of  the  northern  United 

States  and  southern  Canada  (fig.  2). 
Johnson  (1964)  stated  that  sharptails 
probably  have  been  in  North  Dakota  for 
hundreds  of  years.  As  with  the  prairie 
chicken,  sharptail  numbers  decreased  during 

the  drought  of  the  1930 's,  and  never  re- 
gained their  previous  high.   Intensive 

cultivation  and  certain  grazing  practices 
have  decreased  sharptail  range  and  pop- 

ulations numbers  throughout  most  Great 
Plains  States. 

Habitats  of  the  sharp-tailed  grouse 
include  (Aldrich  1963): 

ftim£L^- 

Figure  2. — Sharp- tailed  grouse  have  been 
and  still  are  the  prominant  upland  game 
bird  of  the  northern  brushlands ^  park 
lands  J   and  plains. 

1.  The  climax  sagebrush  of  the 
northern  desert  shrub  area 

(Columbian  sharp-tailed  grouse) . 

2.  The  subclimax  brush  in  the  grass- 
lands east  of  the  Rocky  Mountains 

and  in  the  park  lands  of  the 
Rockies  (plains  sharptail) . 

3 .  The  oak-savannah  and  logged  or 
burned  areas  in  the  east  (prairie 
sharptail) . 

4.  Openings  in  the  boreal  forest 
(northern  sharptail,  Alaskan 
sharptail,  other  boreal  forest races) . 

The  bobwhite  quail  (Colirtus  virginianus) 
is  a  savannah  species,  with  its  populations 
most  stable  in  the  southern  two-thirds  of 
the  savannah  area  (Rosene  1969,  Johnsgard 
1973) .   In  the  northern  third  of  the 
savannah,  populations  decrease  during  years 
of  adverse  climatic  conditions.   The 

bobwhite  has  adapted  to  the  habitats 
associated  with  agriculture;  consequently, 

it  is  abundant  even  in  extensively  culti- 
vated areas . 



The  wild  turkey  Qdeteagria  gallopavo) 
Is  considered  a  forest  bird;  however, 
archeological  evidence  indicates  that 
Indians  in  the  savannah  utilized  the  turkey 
for  both  food  and  ornamentation.   Shortly 
after  1900,  exploitation  and  habitat 
destruction  resulted  in  the  extirpation  or 
near  extirpation  of  the  turkey  in  the 
savannah  (Hewitt  1967).   Today,  as  a 
result  of  State  restocking  programs, 
turkeys  are  found  throughout  all  their 
former  range  as  well  as  in  areas  that 
originally  did  not  support  wild  turkeys 
(Sanderson  and  Schultz  1973).   Good  turkey 
range  contains  trees  for  roosting  and  trees 
that  produce  mast  and  fruit  for  food. 
The  grasses  and  forbs  of  the  understory 
produce  seeds  and  habitat  for  insects 

upon  which  young  turkeys  feed.   Occasion- 
ally turkeys  will  feed  on  cultivated 

crops.   Turkeys  are  found  in  the  savannah 
as  well  as  along  the  wooded  stream  and 
river  drainages  throughout  the  mixed  grass 
prairie. 

The  mourning  dove  (Zenaida  maaroura) 

(American  Ornithologists'  Union  1973)  is 
primarily  migratory  and  depends  on  the 
northern  prairies  and  savannahs  for  life 
requirements  only  during  the  breeding 
season.   Populations  do  winter  in  the 
southern  grassland  types,  depending  on 
food  availability.   Preferred  habitat  for 
the  mourning  dove  consists  of  tree  cover 
for  nesting  and  fields  with  open  cover  for 
feeding.   Hedgerows,  shelterbelts,  orchards, 
or  woodlots  provide  acceptable  nesting 
liabitat  (Hanson  and  Kossack  1963)  .  When 
conifers  are  available,  doves  prefer  them 
for  nesting  (Hanson  and  Kossack  1963, 
Caldwell  1964) .   The  weak  feet  and  bill  of 

the  mourning  dove  limits  its  feeding 

activities  to  areas  of  sparse  cover.   Har- 
(rested  fields,  field  margins,  and  over- 

grazed pastures  contain  the  waste  grains 
(wheat  and  corn)  and  weeds  (foxtail)  pre- 

ferred by  the  dove  (Korschgen  1958,  Hanson 
and  Kossack  1963,  Ward  1964). 

Nongame  Birds 

Predatory  birds  have  suffered  because 

of  man's  ignorance  and  apathy.   Overzealous 
control  programs  and  pesticide  use  have 
seriously  reduced  some  species  populations 

and  caused  others  to  be  placed  on  the  en- 
dangered and  threatened  species  list.  As 

one  becomes  knowledgeable  of  the  feeding 
habits  of  these  birds,  it  is  evident  that 
they,  too,  are  important  components  in  the 
biotic  communities  to  which  they  belong. 

Birds  of  prey  occurring  In  grasslands 
include  the  red-tailed  hawk  {Buteo 

Camaioenaie) ,   Swainson's  hawk  (B. 
ewaineoni) ,  rough-legged  hawk  (B.  lagopue) , 
sharp-shinned  hawk  iAooipiter  etriatue) , 
and  American  kestrel  (Pdloo  eparveriue)  , 
The  large  hawks  feed  on  rabbits,  small 
mammals,  and  snakes,  the  small  hawks  and 
falcons  on  small  mammals  and  birds,  snakes, 

and  insects.   In  addition  to  their  impor- 
tance in  food  chains,  these  birds  contri- 

bute to  man's  pest  control  efforts.   The 
nocturnal  raptors  include  the  great  horned 

owl  (Bubo  virginianus) ,  short-eared  owl 
{Aeio  flcawneue) ,    long-eared  owl  {Aeio 
otus) ,   and  burrowing  owl  {Speotyto 
oimioutari-a) .  Many  other  avian  species 
occur  on  the  grasslands.   Their  role  and 
function  in  grassland  ecosystems  is 
discussed  in  Wiens  and  Dyer  (1975) . 

Bison 

The  American  bison  (.Bison  bison)'*   was the  one  feature  of  the  North  American 

central  grasslands  that  all  historians, 

naturalists,  trappers,  or  travelers  men- 
tioned in  the  diaries  concerning  the 

pristine  conditions  of  the  area  (fig.  3). 
Based  on  a  series  of  assumptions  about 

carrying  capacity,  range  area,  habits,  and 
population  trends,  Seton  (1929)  estimated 
a  population  of  from  40  to  60  million  bison 
in  North  America.   Bison  were  once  spread 
over  one-third  of  the  North  American 

Continent  with  the  largest  herds  distri- 
buted along  the  Mississippi  River  Valley. 

During  the  years  previous  to  disturbance 
by  white  man,  the  total  area  inhabited  by 
bison  was  about  3  million  square  miles 
(Seton  1929). 

Overgrazing  by  bison,  in  association 
with  trampling,  rubbing,  and  wallowing, 
contributed  to  the  creation  and  maintenance 
of  environmental  conditions  favorable  to  a 

variety  of  other  wildlife  (England  and 
Devos  1969).   Bison  are  primarily  grazers, 

so  they  depended  on  the  herbaceous  vegeta- 
tion for  food.   Few  herbivores  possessed 

the  capability  for  altering  the  environment 
as  did  the  bison.   These  animals  require 
approximately  30  pounds  of  forage  per  day, 
so  even  large  areas  could  easily  be 
overgrazed. 

A  dramatic  change  occurred  on  the 

Great  Plains  during  the  1800 's.   Prior  to 

'*Mconnalian  nomenclature  from  EalZ 
(1965). 



^  •Wi Figure  A. — The  -present  day  land-use  patterns 
provide  habitat  for  extensive  herds  of 
pronghom  antelope. 

Figure  3. — The  bison  or  American  buffalo 
was  once  the  dominant  animal  on  the 
North  American  central  grasslands, 

this  time  the  Indians  were  completely  de- 
pendent on  bison  for  their  livelihood. 

Their  hunting  methods  did  not  cause  major 

changes  in  bison  numbers,  and  usually  re- 
sulted in  a  harvest  of  surplus  animals. 

It  is  estimated  that  approximately  300,000 
plains  Indians  existed  primarily  by  hunting 
the  bison  herds  between  Mexico  and  Lake 

Winnipeg  and  from  the  Rocky  Mountains  to 
the  Mississippi  River  (Allen  1954) .   The 

part-Arab  horses,  escaping  from  the 
Spaniards,  gave  the  Indian  additional 
hunting  ability.   Even  with  the  horse  and 
bow  the  Indian  could  not  seriously  deplete 
his  resource,  as  the  gun  and  fence  was  to 
do  later.   Liquidation  of  the  bison  took 

about  50  years — by  1883  only  a  few  animals 
remained . 

Pronghom  Antelope 

Before  intensive  settlement  of  the 

United  States,  pronghorn  antelope 
{Antilooapra  americand)    (fig.  A)  were  the 
codominant  grazing  species  with  bison  on 
the  Great  Plains  and  with  elk  on  the 

Palouse  and  California  Prairies.   They 
were  as  numerous,  if  not  more  so,  than  the 
bison  (Rand  19A5) .   The  present  range  of 
pronghorns  is  more  restricted  (England 
and  Devos  1969)  .  Most  historical  writings 

don't  refer  to  excessive  slaughter  of 
antelope.  Therefore,  if  antelope  were 
as  numerous  as  estimated,  and  if  they  were 
not  slaughtered  to  the  same  extent  as  bison, 
why  did  population  numbers  decrease  so 

greatly? 

Perhaps  it  was  due  to  the  reduction 
in  suitable  habitat  brought  about  by  the 
extermination  of  bison  and  the  extensive 

construction  of  fences.   Perhaps  their 
decline  can  be  attributed  to  a  high 
susceptibility  to  disease.   Traveling 
from  Fort  Abraham  Lincoln  west  to  the 

Little  Missouri  in  1873,  J.  A.  Allen  re- 

ported that  he  saw  antelope  almost  con- 
stantly (Bailey  1926) .   In  the  interim 

before  his  return  trip  a  few  months  later, 

a  fatal  epizootic  raged  among  the  prong- 
horns  over  most  of  the  area  between  the 
Yellowstone  and  Missouri  Rivers  and  75  to 

90  percent  of  the  pronghorns  perished. 

Pronghorn  antelope  populations  de- 
creased from  an  estimated  AO  million 

(Seton  1929)  to  13,000  around  1915  (Hoover 
et  al.    1959).   The  species  was  then  afforded 
rigid  protection  by  landowners  and  law 
enforcement  agencies,  and  their  current 
population  is  estimated  at  365,000 
(Yoakum  1968) .   The  increase  is  attributed 
to:   (1)  controlled  hunting,  (2)  favorable 

habitat,  and  (3)  improved  wildlife  man- 
agement practices  such  as  transplanting 

programs,  water  developments,  and  fences 
constructed  to  permit  pronghorn  travel. 



Pronghorns  fill  a  forage  utilization 
niche  that  is  between  the  grazers  (bison 

and  elk)  and  the  browsers  (deer) .  Prong- 
horn  antelope  have  adapted  well  to  changes 

in  prairie  vegetation  resulting  from  live- 
stock grazing. 

When  populations  of  pronghorns  and 
livestock  are  in  adjustment  with  the  forage 

capacity  of  a  good  condition  range,  com- 
petition between  cattle  and  pronghorns  is 

negligible.   The  compatability  of  cattle 
and  pronghorn  antelope  is  similar  to  that 
which  must  have  existed,  in  the  past, 
between  bison  and  pronghorn.   Competition 
between  domestic  sheep  and  pronghorns  can 
be  so  severe  that  the  latter  will  be 

eliminated.   Sheep,  which  can  be  kept  alive 
with  supplemental  feeding,  can  overgraze 
the  vegetation  to  a  point  where  it  is 
unable  to  support  pronghorn  antelope 
(Buechner  1960) . 

Tule  elk.  First,  the  Spanish  settlements 

of  the  late  1700's  and  the  invasion  of  the 
annual  grasses  which  resulted  in  the  dis- 

placement of  the  dominant  bunch  grasses, 
which  no  doubt  had  adverse  effects  upon 
the  Tule  elk  population  (McCullough  1969). 
Then  the  increase  in  competition  by  wild 
cattle  and  horses,  the  gold  rush  (1848), 
and  the  resulting  slaughter  of  wild  animals 

during  the  booming  market-hunting  years , 
further  decimated  the  population.   By 

1855,  the  market-hunting  era  brought  the 
Tule  elk  to  the  end  of  its  time  as  an 

important  element  in  the  fauna  of  the 
region.   Today  there  are  about  400  to  500 

Tule  elk  in  California's  Central  Valley 

(McCullough  1969).   The  wapiti  or  Nelson's 
elk  have  been  completely  eliminated  over 
the  rest  of  the  grassland  habitats  they 
formerly  occupied.   Their  populations  are 
now  limited  to  high  mountain  ranges . 

Elk 

The  pristine  range  of  the  elk,  or 
wapiti,  was  as  widespread  in  North  America 
as  that  of  the  bison.  At  least  two  species 
of  elk  inhabited  the  grasslands  and  wooded 

river  bottoms:   Nelson's  elk  or  wapiti 
iCervus  canadensis) ,  which  inhabited  the 
nidcontinent  grasslands,  and  the  northern 
Pacific  coast  grasslands,  and  the  Tule  elk 
(C.  nannodes)  t   which  occupied  the  Southern 

pacific  area  in  the  Central  Valley  of 
California  (McCullough  1969) . 

The  carrying  capacity  of  the  Tule  elk 
iwas  estimated  at  500,000  animals  in 
pristine  time.  Several  factors  contributed 
to  the  decline  and  near  extinction  of  the 

Deer 

The  white-tailed  deer  {Dama  virgini-ana) 

was  a  frequent  part  of  the  hunter's  bag 
during  the  Lewis  and  Clark  expedition  of 
1804  to  1806.  Mule  deer  {Dama  hemionus) 
shown  in  figure  5  were  less  abundant  but 
occurred  as  far  east  as  Chamberlain,  South 
Dakota  (Lewis  1961,  Cutright  1969).   The 
Astoria  party,  which  ascended  the  Missouri 
in  1811,  made  no  mention  of  deer  while  on 
an  overland  journey  from  the  mouth  of  the 
Cannonball  River  until  they  reached  the 
Black  Hills  of  Wyoming  (Irving  1868) 
although  they  made  frequent  references  to 
white-tailed  deer  while  traveling  along 
riverways . 
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Figure  5. — Mule  deer  populations 
increased  on  the  midcontinent 

grasslands  with  the  control 
of  hunting  and  the  increase 
in  the  abundance  of  woody 

plants. 



Bailey  (1926)  reported  mule  deer  to 
be  plentiful  throughout  North  Dakota  until 
about  1880  when  their  numbers  began  to 
decrease  as  hunting  pressure  mounted.   By 
1888  deer  were  fairly  well  exterminated 
from  North  Dakota  because  intensive  live- 

stock grazing  eliminated  the  shrubby  species 
that  provided  excellent  browse  and  cover 
for  deer.   In  the  Great  Basin  and  south- 

west, however,  livestock  grazing  encouraged 
the  invasion  of  shrubs  (Longhurst  1960); 
thus,  deer  habitat  was  often  improved. 
Mackie  (1970),  in  the  northern  Great  Plains, 

reported  that  the  food  and  range-use  habits 
of  mule  deer  and  cattle  differed  substan- 

tially.  Deer  ingested  primarily  shrubs 

and  forbs,  cattle  mostly  grass.   Deer  in- 
habited relatively  steep  slopes,  cattle 

the  more  open  ridgetops  and  coulee 
bottoms . 

With  the  disappearance  of  the  bison 

and  elk,  the  white-tailed  deer  became  the 
only  large  herbivore  left  on  the  tall  grass 
prairie  and  savannah.   The  forest  clearing 
and  patch  farming  practiced  by  the 
immigrating  settlers  increased  the  edge 

habitat  preferred  by  the  white-tail  and 
this  contributed  to  a  substantial  increase 

in  the  deer  population  (Severinghaus  and 
Cheatum  1956).   On  the  northern  savannah, 
however,  their  numbers  declined  to  less 
than  2,000  in  the  face  of  increasing  human 

populations  pressures  and  year-round 

hunting.   The  1930 's  depression  caused 
farm  abandonments  resulting  in  widespread 

secondary  succession,  and  the  restoration 
of  the  habitat  (Beckwith  1954).   By  1968, 
deer  numbers  on  the  northern  savannah  had 

increased  to  an  estimated  845,000  (Nixon 
1970). 

Bighorn  Sheep 

Before  disturbance  by  the  white  man, 
bighorn  sheep  {Ovia  canadeneis)   were 
numerous  in  most  mountain  ranges  of  the 

west,  and  in  the  "badlands"  along  portions 
of  the  Missouri,  Little  Missouri, 
Yellowstone,  North  Platte,  Arkansas, 
Colorado,  Green,  and  Gila  Rivers,  and  their 
principal  tributaries.   They  were  never 

characteristic  prairie  dwellers  as  some- 
times reported,  but  they  did  occupy  some 

of  the  buttes  and  badlands  of  the  Great 
Plains  region.   They  were  exterminated 
early  in  the  history  of  white  man  settle- 

ment.  The  last  Audubon  or  badlands  bighorn 
sheep  (0.  c.   auduboni)   was  killed  in  1916, 
near  the  White  River  of  South  Dakota 
(Hipschman  1959) . 

Small  Game 

Increased  population  size  of  the 
eastern  cottontail  rabbit  {Sylvilagus 

fZoridanus)    on  the  savannah  and  tall  grass 
prairie  coincided  with  the  advent  and 
expansion  of  agriculture  (Lord  1963) . 

Its  smaller  home  range  makes  it  more  com- 
patible with  intensive  agriculture 

(Beckwith  1954).   Many  miles  of  brushy 
fencerows  and  grassy  road  ditches  adjacent 
to  cultivated  fields  have  furnished  good 

habitats  capable  of  supporting  high  cotton- 
tail populations.   The  unspecialized 

habits  of  the  cottontail  make  it  likely 

to  remain  an  abundant  game  animal. 

The  tree  squirrel  most  commonly 
occurring  in  the  savannah  and  along  river 
bottoms  is  the  fox  squirrel  (.Sciurue  niger) . 

It  depends  on  fruits  and  nuts  but  also 
feeds  on  crops  when  these  are  available. 

One  to  three  squirrels  per  acre  is  consid- 
ered optimum  for  this  type  of  habitat 

(Schwartz  and  Schwartz  1959) . 

Two  lagomorphs  inhabit  the  extensive 

upland  grassland  types.   The  white-tailed 
jackrabbit  (Lepus  townsendii)   on  the 
northern  Great  Plains  and  the  black-tailed 
jackrabbit  (Lepus  calif ornicus)   on  the 
southern  Great  Plains.   Both  depend  on 

good  eyesight  and  speed  to  avoid  enemies 
because  they  are  not  burrowing  animals 
like  many  other  small  mammals.   Rather, 
they  rest  and  hide  in  shallow  depressions, 

or  "forms",  at  the  base  of  a  shrub  or 
clump  of  grass. 

Prairie  Dogs 

The  most  conspicuous  of  the  grassland 
rodents  were  the  prairie  dogs  (^Cynomys 
spp.).   Prairie  dogs  were  once  incredibly 
numerous.   Because  prairie  dogs  eat  grass 
and  compete  with  the  livestock  industry, 

their  numbers  have  been  reduced  by  exten- 
sive poisoning  programs.  Dobie  (1949) 

reported  information  from  writers  during 

the  late  1800 's  of  prairie  dog  towns  cover- 
ing 16  million  acres  with  an  estimated 

400  million  animals.   These  prairie  dog 
towns  provide  food  and/or  cover  for  prairie 
rattlesnakes  {Cvotalus  viridie) ,   burrowing 
owls,  (Speotyto  cunicularia) ,   and  the 
black-footed  ferret  (Mustela  nigvipee) . 
The  black-footed  ferret  is  completely 
dependent  upon  the  prairie  dog  town  for 

both  shelter  and  food.  Man's  wholesale 
destruction  of  the  prairie  dog  has  so  re- 

duced ferret  populations  that  this  hand- 
some weasel  is  now  one  of  America's  rarest 
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lanmals.     Many  other  wildlife  and  plant 
tpecles  are  associated  with  the   influence 
f  a  prairie  dog   town. 

lammalian  Predators 

The  grassland  herbivores  originally 
erved  as  food  supplies  for  a  number  of 
lannnallan  predators.   The  best  known  species 
re  the  gray  wolf  (Canis   lupus) ,   red  wolf 
C.   rufus) ,   coyote  (C.  latrans) ,   red  fox 
Vulpee  vulpes) ,   gray  fox  (Urocyon 
inereoargenteus) ,   mountain  lion  (Felie 
oncolor)  y   and  bobcat  {Lynx  rufus).     The 
ray  wolf  depended  primarily  on  the  bison 
nd  elk  for  food.   Originally  they  ranged 
hroughout  the  United  States,  but  now  the 
nly  remaining  populations  are  in  northern 
innesota,  Wisconsin,  and  Michigan  (Mech 
966) .  Loss  of  prey  species  and  heavy 
untlng  led  to  the  demise  of  the  gray 
olf.   It  had  disappeared  from  the  central 
nlted  States  by  1900  (Schwartz  and 
chwartz  1959) . 

The  fate  of  the  red  wolf,  which 
rlginally  ranged  from  Illinois  and  Indiana 
outh  through  the  Ozarks  and  into  Texas, 
as  similar  to  that  of  the  gray  wolf. 
he  current  status  of  its  population  and  its 
istribution  is  questionable;  however,  it 
B  generally  conceded  that  the  red  wolf  is 
Bstrlcted  in  both  categories.   Thus,  it 
as  been  placed  on  the  endangered  species 
1st  by  the  United  States  Department  of 

aterior.   In  the  1940' s  Leopold  and  Hall 
194S)  reported  seeing  red  wolves  in  the 
Bstern  Ozarks  but  Pimlott  and  Joslln 

1968)  have  since  reported  that  the 
Istribution  of  this  wolf  currently  is 
Imlted  to  the  coastal  prairie  areas. 

The  coyote  is  the  only  canine  pre- 
itor  of  any  significance  remaining  on 
le  grassland  and  savannah.   Coyotes  are 
jntlnuously  subjected  to  harsh  control 
rograms  and  heavy  hunting  pressure,  yet 
jyotes  continue  to  expand  their  range. 

\e   coyote  prefers  a  grass-shrub  or  grass- 
cee  cover  combination  and  its  apparent 
iaptabllity  enables  it  to  rapidly  occupy 
LI  such  areas  created  by  man. 

I    The  red  fox  and  gray  fox  are  found  in 
le  tall  grass  and  mixed  grass  prairies. 
lese  two  species  seem  to  be  adapting  to 
le  habitat  changes  caused  by  current  land 

Depredations  by  mountain  lion  on 
omestlc  livestock  and  the  resultant  con- 
:ol  campaign  plus  habitat  destruction  led 

to  the  virtual  elimination  of  the  mountain 

lion  by  1900  (Schwartz  and  Schwartz  1959). 
The  bobcat  has  survived,  but  its  range  is 
much  more  limited  (Schwartz  and  Schwartz 
1959)  .   It  has  also  undergone  persecution 

because  of  the  "all-predators-are-bad" 
philosophy.   This  legend  seems  to  rest 
more  on  fiction  than  fact  because  Korschgen 
(1957a)  determined  that  the  bobcat  diet 
is  primarily  rabbits  and  squirrels. 

The  striped  skunk  {Mephitis  mephitis), 
spotted  skunk  {Spilogale  putorius) ,  and 
raccoon  {Procyon   lotor)   have  survived  in 
close  proximity  with  settlement;  and  in 
some  cases  they  live  around  homesite 
buildings.   Their  food  supply  consists  of 
small  mammals,  small  birds,  reptiles, 
amphibians,  insects,  and  eggs. 

Fish 

The  important  fishes  occurring  in  the 
grassland  streams  and  lakes  are  the 

minnows  {Cyprinidae) ,    the  suckers 
{Catostomidae) ,    the  catfishes  {Ictaluridae) , 
the  sunfishes  {Centrarchidae) ,    and  the 

perches  {Fevcidae) ,      Members  of  the  sunfish 

and  perch  families  have  been  widely  in- 
troduced into  manmade  reservoirs  and 

stock-watering  ponds.   The  best  known  are 

the  large-mouth  bass  {Micropterus  saZmoides)^ 
and  the  walleye  {Stizostedion  vitreim) 
(Schultz  1936,  Koster  1957,  Bailey  and 
Allum  1962,  Cross  1967). 

Amphibians 

Arid  climates  pose  special  problems 
for  amphibians.   Grassland  amphibians  have 
been  able  to  adapt  to  the  arid  climates 
through  the  evolution  of  behavioral  or 
physiological  traits  that  tend  to  conserve 
moisture.   For  example,  the  tiger  salamander 

{Ambystoma  tigrinum) , ^   plains  spadef oot 
{Scaphiopus  bombifrons) ,   Rocky  Mountain 
toad  {Bufo  woodhousei) ,  and  Great  Plains 
toad  {B.    cognatus)    are  able  to  escape 
drying  conditions  by  burrowing.   Rapid 
development  of  their  young  enables  the 
spadefoot  to  use  large  temporary  rain  pools 
for  breeding. 

The  most  widely  distributed  amphibian 
in  the  grassland  is  the  leopard  frog 

^Fish  nomenclature  follows  Eddy   (1957). 

^Amphibian  nomenclature  follows  Conant (1958). 
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(Eana  pipiens) ,  which  occurs  in  some  dry 
habitat  but  generally  within  traveling 
distance  of  permanent  water  sources.   The 
bullfrog  iRaru2  catesbeicma)    is  widespread 
in  the  central  and  lower  Great  Plains  and 

has  been  widely  introduced  elsewhere.   The 
bullfrog  is  aquatic  and  must  have  permanent 
water  sources  to  survive. 

Reptiles 

Many  of  the  reptiles  (turtles,  liz- 
ards, and  snakes)  have  adapted  to  arid 

conditions.   The  more  common  turtles  in- 
clude the  common  snapping  turtle  (Chelydra 

serpentina) ,''   yellow  mud  turtle (Kinostemon  flavescens) ,   painted  turtle 
iChrysemys  picata) ,  three-toed  box  turtle 
(Terrapene  Carolina),   ornate  box  turtle 

(T.    ornata) ,  and  spiny  soft-shelled  turtle 
(Trionyx  spinifer) .     Except  for  the  box 
turtle,  all  require  permanent  sources  of 
water. 

Most  lizards  and  snakes  don't  need 
free  water  to  live.   Species  found  through- 

out the  grasslands  include:   earless  liz- 
ards (Jlolbrookia   spp.),  horned  lizards 

{Pkrynosoma   spp.),  spiny  lizards  (Soeloporue 
spp.),  whiptails  (Cnemidophorus   spp.), 
skinks  (Ewneaes   spp.),  collared  lizards 
(Crotaphytus  collaris) ,  hognose  snakes 
(Beterodon   spp . ) ,  coachwhips  (Masticophis 
spp.),  racers  (Coluber  constrictor),   king- 
snakes  (Lampropeltis   spp.),  black-headed 
snakes  (Tantilla   spp.),  and  rattlesnakes 
iCrotalus   spp.).   Garter  snakes  (Thamncphie 
spp.)  and  water  snakes  {Natrix   spp.)  are 
found  wherever  there  are  streams  or  lakes 

(Stebbins  1954,  Conant  1958). 

HABITAT  MANAGEMENT 

Despite  widespread  vegetational 
changes,  the  potential  value  of  much  of 
the  original  grassland  areas  as  rangeland 
and  wildlife  habitat  remains  very  good. 
Some  of  the  associated  wildlife  species 
are  now  absent;  populations  of  others  have 
been  reduced,  but  the  majority  of  species 
have  adjusted  to  habitat  alterations  and 
remain  Important  components  in  the  modern 
biotlc  communities.   The  oak-bluestem 
savannah,  tall  grass  prairie,  and  the 
western  bunchgrass  types  have  been  most 
altered  by  land  use  practices.   The  largest 
grassland  type  remaining  in  America  is  the 

Reptile  nomenclature  fcllowe  Stebbins 
(1954)  and  Conant  (1958). 

nearly  200  million  acres  of  midcontinent 

short  grass-mixed  grass  type.   This  area 
supports  a  large  livestock  industry  and 

has  a  large  potential  for  wildlife  protec- 
tion.  Livestock  management  systems  are  now 

in  operation  on  private  and  public  lands 

that  strive  for  multiple  use  of  the  grass- 
land with  coordinated  livestock  and  wild- 
life use. 

The  large  number  and  diversity  of 

wildlife  species  plus  the  variability  with- 
in the  grassland  plant  communities  provides 

for  a  large  number  of  wildlife  habitat 
management  options.   These  options  are 

further  complicated  by  year-to-year  changes 
in  weather  and  precipitation.   Rangeland 
wildlife  and  livestock  depend  on  forage 
production  for  food  and  cover.   Forage 
production  can  vary  from  nearly  nothing 
on  the  high  plains  during  droughts  to 
9,000  pounds  per  acre  (Curtis  1959)  on 
the  tall  grass  prairie.   The  discussion 
that  follows  relates  to  the  food  and  cover 

requirements  of  many  of  the  species 

previously  mentioned.   The  land  manager 
must  use  imagination  and  foresight  to 
design  specific  systems  to  provide  for  an 
optimum  balance  of  different  habitat 

components . 

Wetlands 

Many  species  of  wildlife  are  associ- 
ated with  the  natural  wetlands  and  manmade 

ponds  of  the  grassland  areas.  Waterfowl 
and  shorebirds  are  of  primary  importance. 
Grassy  shorelines  support  nearly  three 
times  as  many  breeding  pairs  of  ducks  as 
the  bare  mud  type  (Linduska  1964)  .   The 
composition,  density,  and  height  of  the 
shoreline  vegetation  depends  largely  on 
the  type  of  grazing  system  involved. 

Season-long  grazing  systems  will  deplete 
the  shoreline  vegetation  even  if  livestock 
stocking  rates  are  low,  unless  there  are 
several  ponds  or  watering  areas  in  each 
pasture.   Shoreline  vegetation  can  be 
maintained  by  fencing  all  or  part  of  a 
stock  dam  or  by  using  carefully  designed 

rest-rotation  grazing  systems.   Shorelines 
that  are  completely  protected  from  livestock 
trampling  and  grazing  often  contain  dense 
emergent  vegetation  or  shrubs  that  are 
not  suitable  for  dabbling  duck  habitat. 
Management  plans  should  be  designed  to 
produce  some  mudflats  for  shore  bird  feeding 
areas,  grassy  shoreline  areas  for  duck 
nesting,  and  some  emergent  vegetation 
growth  for  duck  brood  protective  cover. 
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Uplands 

Brushy  cover  Is  to  sharptails  what 
jrass  is  to  prairie  chickens,  second  growth 
Ls  to  ruffed  grouse,  and  mature  coniferous 
forest  is  to  spruce  grouse.   On  good 
loisture  and  soil  sites,  lack  of  grazing 
)r  rest  will  bring  about  an  increase  in 
uch  desirable  species  as  wild  plum  {Prunue 
tmerioana) ,  chokeberry  (P.  virginiana) , 
jilver  buf f aloberry  (Shepherida  argentea) , 
md  hawthorn  iCrataegue   spp . ) . 

Food  habits  of  the  sharp-tailed 
rouse  are  nearly  as  variable  as  the 
abitats  they  occupy.   Several  plant  species 

,o  occur  in  most  food  habits  studies,  in- 
icating  their  importance  for  food  and/or 
over.   These  species  include  dandelion 
Taraxacum  officinale),   rose  iEosa   spp.), 
awthorn  (Crataegus   spp . ) ,  snowberry 
SymphoricarpoB  ocoidentalis) ,  Russian 
live  {Elaeagnus  angustifolia) ,  silver 
uff aloberry,  and  buds  from  Populus   species, 
ultivated  crops  are  eaten  when  available 

Evans  1968) .   Several  of  these  berry- 
roducing  species  provide  grouse  with  a 
inter  diet  sufficient  to  survive  winter 
onditions  on  the  northern  Great  Plains 

Hillman  and  Jackson  1973,  Evans  and 
oen  1975). 

Evans  and  Dietz  (197A)  tested  seven 

let  materials  and  found  nitrogen-corrected 
etabolizable  energy  (Kcal/g.  dry  matter) 
o  range  from  3.91  for  corn  to  1.39  for 
ose  hips.   The  fruit  of  silver  buff aloberry 
as  the  best  native  winter  food  item 

ested.   Fleshy  hawthorn  berries  were  in- 
ested  in  larger  quantity  than  other  air- 
ried  foods.   For  maintenance,  winter 
Dods  needed  to  be  consumed  in  large  enough 
uantity  to  provide  metabolizable  energy  in 
Kcess  of  1.5  times  basal  metabolic  rate, 

key  to  intensive  management  of  winter 

•abitat  for  sharp-tailed  grouse  is  the 
ropagation  and/or  encouragement  of  high 

nergy-providing  plants.   Several  native 
hrub  species  provide  good  protective  cover 
or  sharptails  and  produce  berries  that 
re  palatable  and  high  in  energy. 

Edminster  (1954)  listed  four  types  of 

over  required  by  the  bobwhite:   grass- 
and,  cropland,  brushland,  and  woodland, 
he  grassland  provides  nesting  and  feeding 
over  during  spring  and  summer.   Parmalee 
1955)  found  85  percent  of  the  nests 

'  located  during  his  study  to  be  in  grass- 
and.   Grassland  must  be  open  enough  to 
ermit  birds  to  move  about  unhampered 

(Robinson  1957) .   Dense  grassland  cover 
can  be  opened  by  using  fire,  cultivation, 
or  grazing.   Croplands  provide  crop  residue 
and  weed  seeds  which  are  valuable  bobwhite 

fall  and  winter  foods.   Corn  (Zea  mays), 
Korean  lespedeza  {Lespedeza  stipulaaea) , 
and  sorghum  {Sorghum  vulgare)    are  cul- 

tivated crops  which  rank  high  in  the  bob- 
white  diet.   Ragweeds  {Ambrosia   spp.), 

wild  beans  (Stropho styles   spp.),  Croton 
spp.,  foxtail  grasses  (Setaria   spp.),  and 
sunflowers  (Helianthus   spp.)  are  native 
annual  plants  and  are  prolific  seed 
producers  commonly  associated  with  disturbed 
areas  (Baumgartner  et  al.    1952;  Korschgen 
1952,  1960;  Robinson  1957).   Insects 
associated  with  cultivated  crops  and  forbs 
are  used  for  food  in  spring  and  summer 

(Rosene  1969)  .   The  brushland  and  wood- 
land areas  are  used  for  escape,  roosting, 

and  feeding.   Casey  (1965)  questioned  the 
need  for  tree  cover  if  brushland  was 
available.   Robinson  (1957)  provided 

support  for  this  idea  when  he  found  the 
number  of  coveys  in  an  area  to  be  dependent 

on  the  number  of  "headquarter  areas",  which 
were  brushy  cover  dense  enough  to  provide 
adequate  protection  during  periods  of  high 
light  intensity.   Cover  type  distribution 
must  be  planned  and  incorporated  into  a 
total  management  plan  so  that  access  to 
all  cover  types  will  be  available  within 
the  home  ranges  of  a  covey;  a  home  range 
varies  from  12  to  20  acres. 

The  cottontail  rabbit  is  a  close 
associate  of  the  bobwhite  over  much  of 

their  ranges.   The  most  preferred  foods 
for  cottontail  rabbits  in  Missouri,  are 

bluegrass  (,Poa  pratenses) ,   wheat  {Triticum 
aestivum) ,  and  white  clover  {Trifolium 
repens)    (Korschgen,  unpublished  data) .  A 
wide  variety  of  food  species  appearing  in 
smaller  amounts  serve  to  illustrate  the 
catholic  taste  of  the  cottontail. 

Cottontails  may  become  a  nuisance  if  in- 
clement weather  forces  them  to  feed  on  the 

bark  of  shrubs,  shade  trees,  orchards,  and 

windbreaks,  thus  damaging  or  killing  in- 
dividual plants.   Hunting  or  trapping  can 

be  used  to  effectively  control  cottontail 
populations  which  are  exceeding  the 
carrying  capacity  of  the  habitat. 

Within  the  various  rangeland  habitats 
from  sea  level  to  above  timberline,  many 

management  practices  are  available  for  in- 
creasing grazing  capacity,  improving  range 

condition,  and  creating  new  range.  All 

are  designed  to  favor  livestock.  The  non- 
game  bird  section  of  most  management  plans 
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are  short  and  generally  useless  for 
evaluating  effects  of  different  practices 
on  birds  and  their  habitats.   The  Interest 
and  awareness  of  animals  other  than  cattle 

and  sheep  Is  rapidly  growing  as  managers 

recognize  the  value  of  diversified  wild- 
life populations.   Buttery  and  Shields 

(1975)  have  summarized  Information  per- 
taining to  bird  habitat  values  and  have 

pointed  out  research  needs. 

Big  Game 

Mule  deer,  white-tailed  deer,  and 
pronghorn  antelope  currently  offer  the 
best  potential  for  big  game  management. 
Deer  are  browsers  and  require  a  supply  of 
woody  plants  for  food  and  cover.   Good 

sharp-tailed  grouse  habitat  on  the  northern 
Great  Plains  is  usually  compatible  with 
good  deer  habitat.   Some  livestock  grazing 
systems  are  very  compatible  with  deer  and 
grouse  populations.   Grazing  systems  that 
rsduce  brushy  cover  in  the  small  drainage 
areas  probably  also  reduce  deer  habitat 
values . 

White-tailed  deer  range  can  best  be 
described  as  a  mosaic  of  croplands  or 

pasturelands  and  oak-hickory  woodlots, 
brushy  fencerows,  and  wooded  stream  bottoms 
(Crawford  1970)  .  A  survey  of  deer  food 
habits  in  Missouri  (Murphy  1970)  revealed 
the  Importance  of  cultivated  crops  in  the 
diet,  especially  corn  and  soybeans.   This 
survey  showed  substantial  dependence  on 
shrubs  and  small  trees  as  a  food  source. 

Important  shrub  species  are  buckbrush 
{Symphoriaarpos   spp . ) ,  sumac  (Rhus   spp . ) , 
and  hawthorn.   Acorns  are  an  important 
contribution  of  the  tree  component  in  the 
more  heavily  wooded  areas •   Favorable 
habitat  extends  along  the  major  drainage 
across  the  Great  Plains. 

Pronghorn  antelope  differ  considerably 
from  deer  in  their  habitat  preferences. 
Deer  prefer  woody  or  brushy  areas,  and 
antelope  prefer  upland  and  open  expansions 
of  grasslands.   The  forb  component  of 
grassland  vegetation  communities  is 
important  to  pronghorns. 

Predator-Prey  Relations 

Jackrabblts  occasionally  become  so 
numerous  that  control  campaigns  are 
launched.   Because  of  their  size  and 

differences  in  food  habits,  it  is  estimated 
that  approximately  200  jackrabblts  are 

required  to  remove  range  forage  sufficient 
to  feed  1  cow  (Stoddart  and  Smith  1955) . 

The  coyote  often  preys  on  livestock 
and  big  game  species;  however,  Korschgen 
(1957b)  reported  that  the  coyote  diet  in 
Missouri  consisted  mainly  of  rabbits  and 
rodents.   This  agrees  with  Murie  (1940) 
who  determined  that  coyotes  in  Yellowstone 
consumed  primarily  rodents  and  Insects. 
Consumption  of  livestock  or  wild  mammals 
other  than  those  mentioned  above  was  10 

percent  or  less  for  each.   The  evidence 
indicates  that  often  the  coyote  could  be 
considered  a  valuable  aide  in  controlling 
rabbit  and  rodent  populations.   In  local 
Instances,  coyotes  can  cause  economically 
significant  sheep  mortality. 

In  spite  of  the  fox-chicken  legend, 
it  appears  that  the  foxes  still  depend  on 
wild  animals  for  the  major  portion  of 
their  diet  (Korschgen  1957a).   Rabbits 
and  rodents  comprised  more  than  50  percent 
of  the  diet  for  both  species.   Foxes  have 
been  considered  to  have  both  detrimental 
and  beneficial  attributes.   Detrimental 

because  they  occasionally  take  domestic 
poultry  but  beneficial  because  of  the 
Impact  they  make  on  rodent  populations  and 
the  value  of  the  pelt. 

DISCUSSION 

Past  experience  indicates  that  future 
habitat  management  objectives  are  going  to 

require  considerable  thought  and  Imagina- 
tion.  The  bison,  elk,  and  gray  wolf  are 

gone  from  the  grass lc.nds  and  savannahs — 
victims  of  changing  land  use  and  indiscrimati 
shootings.   Those  game  species  remaining 
have  been  able  to  adapt  to  changing  land 
use  but  even  these  species  are  limited  in 
the  amount  of  change  that  they  can  tolerate. 
We  have  hardly  considered  the  multitude  of 
nongame  species  present.  We  know  that  land 
use  changes  influence  these  species 
(Warbach  1958,  Graber  and  Graber  1963, 
Buttery  and  Shields  1975),  but  insufficient 
data  makes  accurate  evaluation  of  these 

changes  difficult.  Wildlife  has  continually 
been  relegated  to  areas  that  are  difficult 
to  cultivate  or  to  Intensively  manage,  and 
these  areas  continue  to  dwindle  as  new 
economic  uses  are  discovered.   There  are 
two  broad  alternatives  available  to 

society.   The  first  is  to  continue  man- 
aging with  a  dwindling  habitat  base  usurped 

by  an  expanding  urban  population  and  inten- 
sification of  agriculture  practices;  or 

secondly,  stimulate  incorporation  of 
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habitat  management  practices  In  land  use 
planning  through  education  and  economic 
Incentives . 

The  land  manager  must  have  some  in- 
centive for  producing  wildlife.   It  is 

unreasonable  to  expect  a  private  land  man- 
ager to  voluntarily  donate  his  most  pro- 

ductive land  to  wildlife  habitat  when  the 

demands  of  an  urban  population  for  farm 
and  ranch  products  are  so  great  (Crawford 
1970) .   The  practice  of  charging  hunters  a 
fee  to  use  private  lands  is  relatively  new 
in  many  States,  but  well  established  in 

more  populated  areas .   This  economic  in- 
centive is  becoming  increasingly  popular 

(Severson  and  Gartner  1972)  .   Consumptive 
users  have  traditionally  shouldered  the 
burden  of  game  management  costs  through 
license  fees  and  special  taxes  on  hunting 
equipment.   Very  little  of  this  money  has 
gone  directly  to  the  landowner  as  an 
economic  return  for  the  wildlife  produced 
on  his  land.   Future  wildlife  habitat 

programs  will  depend  on  whether  or  not  man 

is  willing  to  pay  a  portion  of  the  wild- 
life productions  costs.   Adequate  procedures 

for  managing  wildlife  and  methods  of 
application  are  readily  available  (Wing 
1951,  Anderson  and  Compton  1958,  Giles 
1969,  Allen  1972),  but  wide^spread 
application  awaits  a  basic  philsophical 
change  in  which  wildlife  will  be  recognized 
as  an  esthetic  necessity  rather  than  an 
esthetic  luxury.   The  fate  of  wildlife 
is  Inexorably  linked  with  the  fate  of  man. 
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CAVITY  NESTING  BIRD  HABITAT  IN  THE 
OAK-HICKORY  FORESTS— A  REVIEW 

Kimberly  I.  Hardin,  Biological  Technioian 

and 

Keith  E.  Evans,  Principal  Wildlife  Biologist 
Coltmibia,   Missouri 

The  group  of  bird  species  referred  to 
LS  cavity  nesters  receive  both  praise  and 
rrath  from  forest  managers.  The  cavity 

users"  rarely  cause  any  conflict  with 
ther  forest  activities.   But  cavity 

makers"  are  often  blamed  for  reduced  eco- 
omlc  output  from  a  forest  by  their  exca- 
atlon  activities  In  trees  marked  for  bar- 

est.  The  criticism  Is  largely  unwarranted, 

owever,  because  woodpeckers  In  the  oak- 
Ickory  forest  usually  make  cavities  In 
rees  that  previously  have  been  damaged  by 
nsects,  disease,  fire,  or  storm. 

The  A7-mllllon  hectare  oak-hickory 
brest  Is  the  most  extensive  timber  type  In 
lie  United  States.   It  extends  from  the 

ralrle  border  In  Oklahoma  northeast  through 
18  Appalachian  Mountains  Into  the  Piedmont 

id  southern  New  England.   The  oak-hickory 
>rest  Is  best  developed  and  most  continuous 
1  the  Ozark  and  Ouachita  Highlands  (Watt 

i  al.    1973).   High-grading,  burning,  and 
razing  practices  In  the  past  have  created 
:aiids  with  a  cull  volume  that  ranges  from 
)  to  60  percent  of  the  total  volume 
Jlngrlch  1970).   Stands  with  a  cull  tree 
iVerstory  or  a  high  frequency  of  cull  trees 

ireate  a  unique  habitat  with  abundant  nat- 
iral  cavities  and  many  hollow  trees  sult- 
i»le  for  cavity  excavation.   With  more  in- 
Isnslve  forestry  practices  and  removal  of 

«jill  trees  by  thinning  operations  or  har- 
ifst  cuts,  natural  cavities  may  become 

limited.   Currently,  some  cavlty-nestlng 
I'pulatlons  are  declining,  and  one,  the 

Jfory-bllled  Woodpecker  (Campephilus 
l>incipalie)    of  North  America  Is  believed 
i[  be  extinct.  Most  forest  management 
fans  do  not  Include  steps  to  Improve  cav- 
i 
i 
y   nesters  habitat.   One  reason  for  this 
that  forest  managers  are  unaware  of  the 

tipe  of  habitat  used  by  these  birds. 

The  diversity  of  the  28  cavlty-nestlng 
bird  species  recognized  by  the  USDA  Forest 
Spvlce  (1973)  enhances  their  value  to  the 

ftest  ecosystem.   One  aspect  of  this  dlver- 
aty  Is  their  size  range;  from  the  Turkey 

Vlture,  which  has  a  180-cm  wlngspan,  to 
te  Carolina  Chickadee,  which  has  an 

11.5-cm  wlngspan.   Although  most  cavity 
nesters  are  predators,  they  are  highly 
diversified  In  the  size  of  their  food  and 
the  method  they  obtain  it:   the  American 
Kestrel  feeds  on  small  mammals,  large  in- 

sects, and  some  birds;  the  owls  feed  on 
small  nocturnal  mammals;  the  wrens  gleen 
Insects  from  the  foliage;  and  the  wood- 

peckers drill  for  Insects;  etc. 

Cavity  nesters  are  an  Important  com- 
ponent of  the  oak-hickory  ecosystem.  Nine 

years  of  breeding  bird  survey  data  in 
Missouri  indicate  that  cavity  nesters  make 
up  22  percent  (30)  of  the  139  species  of 
birds  recorded  (Evans  and  Dawson  1976) . 
Frequency  data  (unpublished,  preliminary) 
showed  cavity  nesters  in  the  top  10  bird 
species  in  all  of  the  7  vegetation  types 

sampled  in  Missouri's  Ozarks.   Forest  and 
forest  edge  types  each  included  3  cavity 

nesters  in  the  top  10  species.   Aerial- 
sprayed  areas  had  4  cavity  nesting  species 
in  the  top  10.   Fescue  fields  and  clearcuts 
each  included  one  species;  these  areas  were 
used  for  feeding. 

The  purpose  of  this  article  Is  to  re- 
view, analyze,  and  Integrate  the  published 

information  on  habitat  selection  and  util- 

ization of  cavlty-nestlng  birds  and  relate 
this  information  to  forest  management  situ- 

ations.  The  report  is  divided  into  two 

major  subject  areas.   First,  the  known  as- 
pects of  the  habitat  selection  and  utiliza- 

tion are  covered.   This  information  can  be 
gleened  directly  from  the  literature. 

Second,  managment  Implications  are  dis- 
cussed.  This  Information  must  be  inter- 

preted and  adapted  from  the  published  in- 
formation to  forest  management  situations. 

Some  of  the  potential  Impacts  of  managment 
alternatives  are  speculative,  which  are 
noted  with  comments  on  future  research 

needs.   One  concept  appearing,  both  directly 
and  Indirectly,  throughout  the  paper  is  the 
concept  of  species  tolerance  to  habitat 
variability.   The  species  with  inherently 
narrow  tolerances  to  habitat  variability 
are  more  vulnerable  to  forest  managment 

options.   Cavity-nesting  birds,  because 



they  require  cavities  to  complete  their 
life  cycle,  are  somewhat  specific  in  their 
habitat  selection. 

HABITAT  SELECTION  AND  USE 

Turkey  \luMur e--Cathartes  aura^ 

Turkey  Vulture  nesting  sites  are  often 
at  a  premium  because  of  the  large  size  of 
the  vulture  and  the  shortage  of  large  snags. 
Because  both  young  and  adults  eat  carrion, 

the  smell  around  the  nest  attracts  pred- 
ators.  Therefore,  a  fairly  well  protected 

site  is  required.   The  birds  do  not  con- 
struct their  own  nests  but  rely  on  avail- 

able sites  and  will  return  to  the  same 

nesting  site  year  after  year  unless  the 
site  is  badly  disturbed  (Jackson  1903, 
Kempton  1927).  They  lay  two  eggs,  usually 
on  whatever  litter  is  present  (Bent  1937, 

Kempton  1927).   Inclubating  time  is  approx- 
imately 30  days  (Jackson  1903) . 

Turkey  Vulture  nesting  records  are 
fairly  numerous.   There  have  been  reports 
of  them  nesting  on  cliffs,  in  caves,  in 
hollow  stumps,  or  in  the  midst  of  dense 
shrubbery  with  a  narrow,  easily  defendable 
entrance.   The  site  is  almost  always  near 
the  ground  but  one  was  reported  to  be  6.1 
m  up  in  a  deep  stump  and  one  other  1.8  m 
below  ground  level  in  the  hollow  of  a 
rotten  stump  (Bent  1937). 

The  most  frequently  reported  nesting 
sites  are  those  located  in  hollow  trees  and 

in  hollow  logs  lying  on  the  ground 
(Gingrich  1914,  Townsend  1914).   One  nest 
in  a  hollow  snag  had  an  entrance  4.3  m 
up  but  the  eggs  were  laid  at  ground  level 
(Pearson  1919).   Another  was  found  in  a 

live  hollow  soft  maple,  which  had  an  in- 
side diameter  of  71  cm,  was  102  cm 

above  ground,  and  the  opening  was  107  cm 
above  the  eggs  (Kempton  1927).   The  birds 
have  been  reported  nesting  in  caves  or  dry 
sink  holes  in  Florida  and  New  York  (Howes 
1926,  Pearson  1919).   One  nest  site  in 

Maryland  was  on  the  ground  under  the  over- 
turned bifurcated  root  stump  of  a  large 

dead  chestnut  tree  (Williams  1924).   There 
is  also  a  record  of  a  pair  nesting  on  a 
pig  sty  (Jackson  1903).   Piatt  (1971) 
reported  that  vultures  in  Curlew  Valley, 
Utah,  nested  on  cliffs  for  lack  of  a 
better  place. 

^Bird  Nomenclature  from  American 
Omithologiets '  Union   (2957 j   1973 j   1976). 

Black  Vulture— Cora^zyps  atratue 

Black  Vultures  have  some  of  the  same 
nest  site  requirements  as  their  close  rel- 

atives the  Turkey  Vultures,  including  the 
use  of  available  sites  that  do  not  require 
additional  construction  (Hoxle  1886,  Bent 
1937).   Court  (1924)  found  a  Black  Vulture 
nest  in  Maryland,  .6  m  below  ground  level 
in  a  large  white  oak  stump.   The  birds  used 
it  for  two  consecutive  years.  Another  re- 

port is  a  nest  with  two  eggs  in  an  old 
tobacco  shed  on  an  abandoned  farmstead  in 

Virginia  (Stewart  1974).   Hollow  stumps  or 
standing  trees  are  favorite  nesting  sites 
for  Black  Vultures.   However,  the  eggs  are 
occasionally  merely  laid  on  the  ground, 
often  in  dense  thickets  of  palmetto,  yucca, 
tall  sawgrass,  or  sometimes  in  the  open, 
exposed  to  full  daylight  (Bent  1937). 

The  Black  Vulture  is  uncommon  through- 
out most  of  the  oak-hickory  type.   It  is 

primarily  a  southern  scavenger.   The 
Turkey  Vulture  inhabits  the  scavenger  niche 
throughout  the  northern  portions  of  the 
oak-hickory  forests. 

American  Kestrel --FaZco  eparveriue 

Most  hawks  either  build  true  nests  or 

lay  their  eggs  on  open  ledges  or  bare  cliffs.' 
However,  the  American  Kestrel  (Sparrow 
Hawk)  prefers  to  lay  its  eggs  in  holes, 
either  natural  cavities,  holes  made  by 

other  birds,  or  man-made  boxes.   In  the 

West,  they  will  occasionally  nest  in  aban- 
doned Black-billed  Magpie  (Pica  pica)   nests 

(Richards  1970).   Also,  in  common  with 
other  birds  of  prey.  Kestrels  require  large 
breeding  territories  so  their  nests  are 
widely  spaced  (Bent  1938) . 

Smith  et  at.    (1972)  observed  41  Kestrel 
nests  in  Utah.   Of  these,  28  were  located 

in  trees  (19  in  old  flicker  holes,  2  in  old  » 
magpie  nests,  and  7  in  natural  cavities).   fl 

The  type  and  numbers  of  trees  used  were:    " 18  Cottonwood,  3  poplar,  3  willow,  2  maple, 

1  elm,  and  1  apple.   Two  of  the  remaining 
nests  were  located  in  the  rocky  cliffs  of 
abandoned  quarries  and  the  last  11  were 
found  on  building  tops.   Nest  height  ranged 
from  1.22  m  to  19.8  m  above  the  ground.   The 

average  height  of  eggs  on  buildings  was     _, 
10  m  and  the  average  of  the  rest  of  the     ■! 
sites  was  6.7  m.   There  was  no  observed      ^ 

attempt  at  nest  construction — the  eggs  were   | 
laid  either  on  debris  in  the  cavity  or  on 
nest  materials  of  previous  occupants. 
Twelve  pair  used  the  same  nest  site  for  two   : 
consecutive  years  and  eight  of  these  used     I 



same  site  again  the  third  year.   Twenty- 
:  pair  used  the  same  territory  for  2  years 
21  returned  to  the  same  area  the  third 

r  (Smith  et  al.    1972). 

Roest  (1957)  found  the  favorite  nest- 
;  sites  of  American  Kestrels  to  be  either 
tndoned  Common  Flicker  holes  or  natural 

'Itles  located  2  to  10.7  m  above  the 
»und  level  (tables  1  and  2).  Wllloughbey 

1  Cade  (1964)  reported  that  Kestrels  pre- 
'  an  8  cm  hole  In  man-made  boxes.   Usually 
ir  or  five  eggs  are  laid  and  require  ap- 
ixlmately  30  days  for  Incubation.   Kestrel 
;s  are  pigmented  unlike  those  of  most 

'Ity  nesters  which  are  white.   This  sug- 
its  that  Kestrels  have  only  recently,  on 
evolutionary  time  scale,  become  cavity 

ters  (Richards  1970). 

le  1. — Nest  sites  used  by  American  Kestrel 
(Roest   1957) 

(In  number  of  nests) 

1  Natural 
cavity 

Flicker 
hole Wood- : pecker 

.  hole 
Magpie 
nest 

:Hole  : 
:  In  : Building 

:cllff: 

Total 

son        2 
Slnla       1 
York       1 
Lfornia    12 
kda        1 
tr         2 

6 
1 

15 13 
2 

3 
3 

2 

1       3 

12 
2 
1 

32 
17 
4 

,,tal       19 
37 

6 2 1       3 68 

»le  2. — Height  of  American  Kestrel  nests 
above  the  ground  (Roest  1957) 

(In  number  of  nests) 

ght 
) Oregon \ Virginia 

:New 

:York 
California Canada Totals 

-2.7 1 1 2 
.25 4 1 8 13 

5-5.55 1 1 2 1 5 

-7.3 2 1 1 3 7 
1 2 3 6 

•,Ul0.4 2 4 6 
.(7-11.9 4 1 5 

.:2-i5 4 1 5 

.;2+ 1 2 3 

Kestrels  will  often  be  found  on  high, 
qosed  perches  where  they  can  look  out 

n\;   wide  stretches  of  grassland  or  pas- 
11!  to  watch  for  prey.   Common  prey  In- 
Liles  Insects,  birds,  mammals,  reptiles, 
u amphibians.  Amounts  of  each  vary  with 
u season  and  the  locality.   They  have 
Li)  been  observed  catching  and  eating  bats 

hsnte  1954) .   During  the  winter  in  north- 
rillatitudes,  prey  is  restricted  to  birds 
Ui small  mammals.   However,  when  and  where 
iiicts  are  abundant,  they  comprise  the 

»i'8  principal  food.  Kestrels  are  able 

to  overcome  birds  that  are  nearly  their  own 
size  such  as  starlings.   They  prefer  to 
hunt  in  open  areas,  therefore,  natural 
cavities  or  nest  boxes  should  be  along  the 

edge  or  ecotone  between  the  forest  and  an 
opening  (Bent  1938) . 

Owls 

The  owls.  Order  Striglformes,  differ 
widely  in  their  habitat  requirements. 
Eighteen  species  of  owls  live  in  North 

America  (American  Ornithologists'  Union  1957), 
but  we  will  only  discuss  the  habits  of  the 
four  common  cavity  nesting,  eastern  forest 
owls.   They  are  nocturnal  hunters  and  are 
rarely  seen.   Techniques  for  inventorying 
the  Strigiforme  resource  have  not  been  de- 

veloped so  the  Impact  management  plans  have 
had  on  owls  is  not  known,   Angell  (1974), 
Burton  (1973),  Hamerstrom  (1972),  and  Sparks 

and  Soper  (1970)  have  all  expressed  con- 
cern for  the  loss  of  owl  habitat  when  over- 

mature forests  are  cut  and  snags  and  cull 
trees  removed. 

Birds  that  nest  in  cavities  may  accept 
nest  boxes,  especially  if  the  box  is  located 
near  good  hunting  territory.  Owls  do  not 
add  nest  material  to  their  nest  site, 
therefore,  it  is  desirable  to  put  sawdust, 
hay,  or  other  material  in  the  box  so  the 
parent  can  Incubate  the  eggs  without  them 
rolling  away.   Owls  are  not  known  for  their 
architectural  selectivity,  so  nest  box 
design  can  esthetlcally  and  economically 

please  the  builder  (Hamerstrom  1972).  How- 
ever, different  size  boxes  will  attract      j 

different  species  of  birds  (table  3  and 
fig.  1). 

Table  3. — Recommended  nest  box  sizes  for 
eastern  deciduous  forest  owls   (Hamerstrom 1972) 

Owl   : 

species  : 

Floor 

size 

:  Cavity 

:  depth 
:  Entrance 
:  diameter ;       Habitat 

Saw-whet 
Screech 
Barred Bam 

15x15 
20x20 

33x38 33x38 

Centlraet 
20-25 
20-25 

38-43 
38-43 

ers  -  -  -  - 
6 
7.5 

20 
13 

Woods  and  swamps 
Orchards  and  suburbs 

Near  streams,  woods 
Cities  and  farmland 

Saw-whet  Owl — Aegolius  acadicus 

Saw-whet  Owls  are  small  (18  cm),  noc- 
turnal hunters  of  the  deep  north  woods. 

They  do  nest  as  far  south  as  central 
Missouri,  but  only  rarely.   They  do  winter 
in  Missouri.   These  small  owls  prefer  to 
nest  in  old  woodpecker  or  flicker  holes  as 
shown  in  the  following  summary  of  nesting 
sites  used  by  owls  (Bent  1938): 



Height 
above 

ground (m) 

Species        above  Description 

Screech  Owl 

5.5 

6.7 
12.2 

6.1 
15.2 

19.2 

7.6 

6.1 

1.5 

3.0 

10.7 

Saw-whet  Owl         Flicker  hole — dead 
     pine  stub 

Flicker  hole — dead 

pine  stub 
Dead  maple  stump 
Dead  stub 
Dead  stub 
Dead  stub 

Dead  top  of  maple 
tree 

Woodpecker  hole — pine 
stub 

Flicker  hole — dead 

pine  stub 
Natural  cavity — apple 
tree 

Natural  cavity — apple 
tree 

Flicker  hole — dead 

poplar Natural  cavity — large 
oak 

Barred  Owl  18  times  used  old 
     hawk  nest 

15  times  used  hollow 
     tree 

5  times  used  squirrel 
     nest 

Nesting  habitat  may  be  improving  in  areas 
where  Dutch  elm  disease  has  infected  many 
elms  and  woodpeckers  have  drilled  nest 
holes  (Hamerstrom  1972).   Pearson  (1936) 
reported  they  will  also  use  squirrel  dens 
for  nesting  sites.   The  mature  forest  com- 

posed of  a  mixture  of  trees,  living  and 
dead,  young  and  old,  is  the  preferred  nest- 

ing habitat  of  Saw-whet  Owls  (Angell  197A) . 
Their  three  to  six  white  eggs  are  deposited 
on  whatever  material  is  found  in  the  cavity. 

Saw-whet  Owls  feed  primarily  on  bee- 
tles, grasshoppers,  other  insects,  mice 

(Hamerstrom  1972),  bats,  frogs,  and  small 
birds  (Burton  1973) .  Winter  foods  of 

Saw-whet  Owls  in  Illinois  and  Iowa  con- 
sisted of  97  percent  mice  and  shrews  of 

the  genera  Peromyecue,   Miorotue,    CryptotiBj 
Blarina,    and  Mus.      A  few  birds,  mainly 
Fringillids,  were  also  included  (Scott 
1938,  Graber  1962).   Summer  foods  consist 

of  a  high  proportion  of  large  insects. 

Screech  Owl — Otus  asio 

The  male  Screech  Owl  defends  a  nest- 
ing and  feeding  territory,  as  do  other 

ENTRANCE  DIAME 

CAVITY  DEPTI 

DRAIN  HOLES 

Figure  1. — Components  of  an  owl  nest  box. 

owls.   Territory  size  varies  and  there  is 
usually  a  neutral  zone  between  individual 
territories  (Burton  1973).  Maples,  applesi, 
and  sycamores  with  natural  cavities  or 
pines  with  woodpecker  holes  are  preferred 
nesting  sites.   Old  apple  orchards  seem  to 
provide  a  good  combination  of  cavities  and 
open  hunting  areas  (Hamerstrom  1972,  Bent 
1938) .   Screech  Owls  lay  5  to  8  nearly 
spherical,  white  eggs. 

Screech  Owls  are  one  of  the  most  noc- 
turnal owls.  They  do  not  eat  or  even  huntc 

until  twilight  is  past.  The  birds  hunt 
over  low-land  meadows  and  fields  or  catch 

insects  over  the  tops  of  trees.  Food  de- 
pends largely  on  the  environment  and  the 

most  readily  available  prey.   The  owl  is 
evidently  satisfied  with  what  animal  food 
it  can  most  easily  obtain.   Foods  eaten  by 
Screech  Owls  in  western  Missouri  based  on 

419  pellets  analyzed  from  1957  to  1967 

(Korschgen  and  Stuart  1972)  were  as  follow/ 
Food 

Meadow  mouse 

White-footed  mouse 
Cotton  rat 
Rabbit 

Occurrence         Volume 
(Percent) 

56.6  52.1 
25.8  18.8 
14.8  14.8 
4.8  5.6 

I 



ngblrds 8.4 4.1 
ort-talled  shrew 3.1 1.8 
ast  shrew 3.6 1.2 

rway  rat 0.5 0.5 

g  lemming 0.2 0.1 
use  mouse 0.2 0.1 
ayf Ish 0.2 0.1 
ne  beetles 0.2 Trace 

og,  unidentified 0.2 Trace 

addition  to  these  foods,  the  owls  eat 
sh,  lizards,  spiders,  earthworms,  and 
rds  as  large  as  domestic  pigeons,  quail, 
d  ruffed  grouse.   Van  Camp  and  Henry 
975)  found  that  Screech  Owls  on  a  northern 

io  study  area  captured  53  species  of 
rds  (65  percent  of  their  diet)  during 

p  nesting  season.   They  also  feed  exten- 
^ely  on  Insects  which  they  grab  off  the 
ives  with  their  talons  or  catch  on-the- 
ig  in  their  beaks.   Beetles,  cutworms, 
isshoppers,  locusts,  crickets,  cicadas, 
tydids,  and  noctuid  moths  are  only  a  few 
the  many  insects  that  this  owl  eats 
nt  1938). 

Kced  Owls — Strix  varia 

Barred  Owls  select  suitable  cavities 

nesting  if  available.   If  natural  cav- 
es are  scarce,  they  will  nest  in  abandoned 

tor  and  squirrel  nests.   Both  the  male 
1  female  are  efficient  territorial  hunters. 

Ir  ears  are  as  well  developed  as  their 
8.   Barred  Owls  can  capture  a  live  mouse 
complete  darkness  on  a  bare  floor  by 
ible  detection.  Woodland  owls  are  com- 

ly  more  vocal  than  open-country  owls . 
red  Owls  have  a  unique  call  that  has  been 

cribed  as  "Who  cooks  for  you,  who  cooks 
you-all"  (Burton  1973,  Sparks  and  Soper 

0). 

Barred  Owls  seem  to  be  diverse  in  their 

ng  hab^-ts  and  like  the  Saw-whet  and  the 
ech  Owls,  prey  is  highly  dependent  on 
season.   Foods  of  Barred  Owls  in  west- 
Missouri  based  on  700  pellets  analyzed 
n  1949  to  1968  (Korschgen  and  Stuart 
2)  were  as  follows: 

Food Occurrence     Volume 
(Percent) 

dow  mouse 
tontail  rabbit 
ton  rat 

te-footed  mouse 
gbirds 
jrfish 
li,   unidentified 
e 

26.1 

20.1 
17.9 

32.1 
27.0 
13.6 

9.1 
1.9 

20.2 
19.6 
17.7 
14.4 

13.8 

3.4 
2.4 
1.7 

House  mouse 
2.9 

Short-tailed  shrew 
2.3 

Harvest  mouse 1.4 

Birds,  unidentified 
1.3 

Grey  squirrel 
0.6 

Least  shrew 3.6 

Frogs,  unidentified 4.4 
Snakes,  unidentified 1.3 
Grasshoppers 1.0 
Salamander,  unidentified 0.6 

Opossum 

0.3 

Norway  rat 0.1 
Bog  lemming 0.3 
June  beetles 1.1 
Pine  mouse 0.1 
Mourning  dove 0.1 

1.1 

0.8 

0.4 

0.4 

0.1 
0.1 

In  southern  Massachusetts,  Barred  Owls 
generally  nest  In  white  pine  woods  (Bent 

1938),  oak  woods,  or  mixed  hardwood-conf ier 
types  (Nicholls  and  Warner  1972).   The 
Barred  Owl  prefers  a  sparse  understory, 

which  facilitates  clear  flying  and  attack- 
ing prey.   Oak  woods  with  many  dead  or 

dying  trees  are  preferred  because  they 
provide  cavities  as  well  as  habitat  for 
prey  species  such  as  mice  and  squirrels. 
Hollow  trees  also  provide  perches  with 
good  visibility  for  the  owls  to  hunt  from. 
Because  they  are  nocturnal  hunters,  owls 

greatly  depend  on  their  hearing  to  find 
prey.   Perches,  which  allow  the  bird  to 
hear  rustles  in  the  leaves  or  scurrying 
rodents  and  squirrels,  are  very  important. 

Beam  Owl — Tyto  alba 

Barn  Owls  use  a  wide  variety  of  nest- 
ing sites  for  their  5  to  7  white  eggs 

(Bent  1938) .   The  sites  include  natural 
hollows  in  trees,  holes  and  cavities  in 
cave  banks  or  cliffs,  burrows  under  ground, 
sides  of  old  wells,  abandoned  mining  shafts, 
dovecotes,  barns,  and  church  steeples. 
Several  pair  have  been  found  roosting  in 
separate  cavities  of  the  same  tree  (Reed 
1897). 

Barn  Owls  are  distinctly  birds  of  the 
open  country  and  are  less  inclined  than 
other  owls  to  shun  areas  occupied  by  man. 
They  find  their  best  food  supplies  in  open 
fields,  meadows,  and  around  barns,  granaries, 
and  other  buildings.   In  the  wild  state, 
birds  will  hunt  as  far  as  2.4  to  3.7  km 
from  nest  site  or  roost  buildings.   Adults 
are  almost  wholly  nocturnal.   However, 
there  are  a  few  reports  of  them  leaving 

roosts  and  nests  before  twilight — especially 

when  feeding  young  (Marti  1974).   Territori- 
ality, centered  primarily  around  the  nest 



site  structure,  is  evident  during  the 
breeding  season.   Overlap  of  home  ranges 
of  adjacent  pairs  or  of  a  pair  and  single 
bird  is  common  (Smith  et  at.    1974). 

Studies  in  Colorado  and  Pennsylvania 
found  the  Meadow  Vole  (Microtus 

pennsylvanicus)    to  be  the  primary  food 
item  of  the  Barn  Owl  (Smith  et  al.    1974, 
Reed  1897,  Marti  1974).   Another  study 
showed  House  Mice  {hius  musculus)    to  be  the 
major  item  of  consumption  (Evans  and  Emlen 
1947).   Other  prey  includes  members  of  the 

genera  PeromysouSj   Sorex,   CryptotiSj 
Sylvilagus,   MiarotuSy    and  Rattus   as  well 
as  other  rodents.   Bats  are  occasionally 

eaten  (Twente  1954,  Marti  1974)  and  birds 
are  also  eaten  sometimes.   Birds  such  as 

House  Sparrows  and  Red-winged  Blackbirds, 
which  have  communal  roosts,  can  become 
easy  targets  for  Barn  Owls.   Barn  Owls 
are  versatile  in  their  prey  habits 
(Marti  1974). 

Pileated  Woodpecker — Dryoaopus  pileatus 

Forests  of  dense  timber  and  secondary 
growth  consisting  of  mixed  deciduous  trees 
and  conifers  are  the  preferred  year  around 

habitat  of  the  pileated  woodpecker.  Al- 
though there  are  reports  of  excavating  and 

nesting  in  live  trees,  these  birds  prefer 
dead  trees  or  dead  limbs  on  live  trees. 

One  tree  may  be  used  for  several  years  but 
a  previous  nest  hole  is  rarely  reused. 
This  behavior  provides  cavities  for 
other  wildlife  such  as  ducks,  flying 
squirrels,  and  owls  (Hoyt  1957). 

Nests  have  been  found  in  beech,  poplar, 
birch,  oak,  hickory,  maple,  hemlock,  pine, 
ash,  elm,  and  basswood.   Height  ranged 
from  5  to  21  m  and  there  was  no  reported 
preference  of  direction  for  entrance  holes 
(fioyt  1957).   Tall  dead  trees  with  bonelike 
surfaces  and  few  limbs  are  favored.   Nest 
holes  may  be  up  to  10  cm  in  diameter  and 
as  deep  as  76  cm  (Hoyt  1941).   In  California, 
Carringer  and  Wells  (1919)  reported  several 
nests  in  live  aspen  trees  when  plenty  of 
dead  trees  were  available.  Most  of  the 
nests  were  in  trees  whose  roots  were  under 
water.  Unlike  many  birds,  Pileated 

Woodpeckers  retain  close  pair  bonds  through- 
out the  years.   Although  the  male  and 

female  roost  in  separate  cavities,  there 
is  usually  not  much  distance  between  them 
(Kilham  1974). 

Pileated  Woodpeckers  lead  all  other 
woodpeckers  in  their  ability  to  prey  upon 

certain  insects.   Ants,  especially 

Carpenter  Ants  (Camponotus  herauleanus 
L.),  and  beetles  are  the  major  insects  that 
comprise  72  percent  of  their  food.   Trees 
with  heart  rot  provide  suitable  habitat 
for  initial  invasion  by  Carpenter  Ants 

(Sanders  1964).   Hence,  silvicultural  thin- 
nings that  remove  infected  trees  could  have 

a  critical  Impact  on  the  Pileated  Wood- 
pecker by  removing  one  of  its  major  food 

items.   In  the  fall,  dogwood  berries, 
cherries,  beechnuts,  acorns,  and  other 

wild  fruit  are  included  in  the  bird's 
diet.   Pileated  Woodpeckers  rely  entirely 
on  forests  and  brushy  areas  along  the 
forest  edge  for  food  (Bent  1939).   They 
are  a  highly  beneficial  bird  because  they 
stay  with  one  tree  until  it  is  rid  of 
insects,  which  prevents  further  infection 
of  trees  in  the  vicinity  and  gives  the 
infected  tree  a  chance  to  live.   People 
point  to  dead  trees,  riddled  with  woodpecker 
holes,  and  blame  the  death  of  the  tree  on 
the  woodpecker.   However,  the  tree  probably 
died  from  the  insect  infestation  (Hoyt 
1957). 

During  the  regeneration  stage  of  even- 
aged  timber  management  systems,  stands  have 
little  potential  for  Pileated  Woodpecker 

nesting.   These  woodpeckers  prefer  older- 
aged  stands  that  offer  trees  large  enough 
for  nesting  cavities  (table  4) .   Timber 
stands  with  medium  size  sawtimber  (38  to 
46  cm  d.b.h.)  would  provide  adequate 
Pileated  Woodpecker  nesting  habitat  if 
some  of  the  trees  were  decayed  (Conner 
^t  al.    1975). 

Red-Headed  Woodpecker-- 
Melanerpes  erythrocephalus 

As  with  the  other  woodpeckers,  cavitiess 

are  important  to  Red-headed  Woodpeckers  all 

year,  not  just  during  the  nesting  season. 

Trunks  of  dead  trees  are  the  favored  loca- 

tion for  nesting  cavities  (table  5).   En- 
trances of  excavated  holes  usually  face  to 

the  south  or  west  (Reller  1972). 

Red-headed  Woodpeckers  eat  a  wide  va- 

riety of  food  depending  on  availability. 
Insects,  including  ants,  wasps,  beetles, 

bugs,  grasshoppers,  crickets,  moths,  and 

caterpillars,  are  the  main  year-around 
food.   Fruit  provides  a  supplement  to  their 

diet  and  they  have  been  observed  eating 

corn,  dogwood  berries,  huckleberries, 

strawberries,  blackberries,  elderberries, 
wild  black  cherries,  wild  grapes,  apples, 

pears,  various  seeds,  acorns,  and  beechnuts. 



Table  4. — Average  measurements  of  woodpecker  nest  trees  in  forest 
habitats  in  Virginia  (Conner  et  at.  1975)  (ranges  are  given  in 
parentheses) 

Measurement 
: 

Species 
:            Downy :              Hairy :          Flicker : Pileated 

Male  bird  length 
(cm) 14.5 19.0 26.5 38.0 

Nests    (No.) 
15 10 

6 

14 

Nest   tree  dbh    (cm) 31.8    (15-66) 40.6   (20-64) 36.8    (30-46) 54.6   (33-91) 
Nest   tree  cavity 

diameter    (cm) 20.8    (13-41) 25.2   (20-46) 27.9    (23-36) 37.9    (30-51) 
Nest   tree  height 

(m) 8.3    (1.5-19. 

8) 

13.0   (4.0-26 

.5) 

12.4    (9.1-15 

.8) 

20.3    (10.7-36.6) 
Nest  height    (m) 4.7    (1.0-11. 

6) 

8.8   (2.4-19.1 

3) 

8.5    (6.1-11 

9) 

13.6    (9.1-19.2) 

able  5. — Nest  site  preference  of  Red-bellied 
and  Red-headed  Woodpeckers   (Reller  2972) 

Species 
Height 
(m) 

:      Entrance 
hole 

.   direction 
:      Tree    type        : Portion 

led-headed 12 
10 

SW NW 

Dead 
do 

Trunk 
do 

7 WSW do do 
7 

HE 
do do 

15 WSW do do 

12 SE 
do do 

12 
SW do do 

12 
SE do do 

20 S do 

do 17 
SW do 

do 

;ed-bellied 13 
13 

SW W 
Queraus  rubnz 
Dead  maple 

Limb 

Trunk 

10 
S 

QuercuB 
velutina Dead  limb 

22 NW Plantanus 
oaaidentalia do 

20 WSW 
QMroue velutina 

do 10 s Tilia  amerioana do 

12 E T.  amevicana 

do 

asionally,  this  woodpecker  eats  eggs 
small  birds  or  kills  and  eats  young 
:ds  and  rodents  (Bent  1939) . 

In  the  winter.  Red-headed  Woodpeckers 

|)st  and  live  in  small  well-defined  terri- 
:ies  (Kilham  1958a,  1958c).   Pin  Oak 

lercus  palustris)   acorns  comprise  a 
rge  portion  of  the  winter  food.   The 
wdpecker  stores  the  nuts  whole  or  in 
•:Bces  in  cracks  and  crevices  in  bark  and 
DO  in  cavities  that  are  sealed  with  bits 
i:  bark  when  filled.   These  birds  also 
1  )re  insects  in  sealed  hollows  of  trees 
l.lham  1958b). 

Red-headed  Woodpeckers  prefer  to  nest 
•I  roost  near  open  areas.   Fields,  edges, 
r  sprayed  timber  with  little  or  no  high 
ff  canopy  are  highly  favored  habitats. 

t    of  their  activities — feeding,  nesting, 
l|roosting — are  carried  out  in  mature  tim- 

tsei  stands.   They  are  attracted  to  forest 

areas  that  have  been  sprayed  with  herbicide 

and  contain  many  dead  snags  and  lush  her- 
baceous ground  cover.   Concentration  of 

Red-headed  Woodpeckers  in  sprayed  areas  is 
often  spectacular. 

Red-Bellied  Woodpecker-- 
Melanerpes  carolinus 

Red-bellied  Woodpeckers  often  excavate 
their  cavities  in  dead  limbs  of  live  trees 

(Reller  1972),  unlike  the  Red-headed 
Woodpecker  which  prefers  to  nest  in  dead 

trees.   Reported  nesting  sites  for  Red- 
bellied  Woodpeckers  include  one  6  m  above 
ground  in  the  dead  stub  of  a  living  ash, 
one  18  m  up  on  a  dead  elm,  and  another 
6  m  up  in  the  dead  top  of  a  living  willow 
(Kilham  1961)  (table  5).   From  September  to 

January  the  male  and  female  roost  in  sep- 
arate cavities.   One  of  the  roost  cav- 
ities becomes  the  nest  site  (Kilham  1958a). 

Cavities  are  usually  excavated  in  mature 

timber  stands  where  the  bird's  activities 
are  centered.   Loveless  (1975)  found  Red- 
bellied  Woodpeckers  commonly  using  the 

forest  edges  of  central  Missouri.   The  Red- 
bellied  Woodpecker  ranked  12th  on  the  list 
of  49  bird  species  using  edge  plots. 

Red-bellied  Woodpeckers  consume  more 
vegetable  matter  than  do  most  woodpeckers. 
Vegetation  eaten  includes  com,  acorns, 
beechnuts,  pine  seeds,  juniper  seeds,  wild 

grapes,  blackberries,  strawberries,  poke- 
berries,  cherries,  apples,  mulberries, 
elderberries,  blueberries,  and  fruit  from 
Virginia  creeper,  holly,  dogwood,  and 
poison  ivy.   Seeds  from  ragweed,  wild 
sarsaparilla,  hazelnuts,  and  pecans  are 
also  eaten.   These  birds  cause  some  eco- 

nomic damage  by  sucking  pulp  from  oranges 
in  the  South  (Bent  1939).   But  the  insects 

eaten — including  ants,  adult  and  larval 
beetles,  and  caterpillars — more  than  atone 
for  the  damage  (Bent  1939). 



Red-bellied  Woodpeckers  store  food  in 
the  fall  by  hammering  acorns  of  various 

kinds  into  pieces  and  storing  them  in  cav- 
ities.  Berries  are  stored  in  rootlets  of 

vines  as  well  as  in  cavities.   Knowledge 

of  the  presence  of  these  stores  is  retained 

and  reinforced  by  the  bird's  habit  of  oc- 
casionally restoring  his  supplies  (Kilham 

1963).   In  the  winter,  these  woodpeckers 
are  easily  attracted  to  artificial  feeding 
stations,  especially  those  offering  suet, 
nuts,  or  breadcrumbs. 

Common  Flicker- -Co Zaptes  auratus 

Lawrence  (1967)  reported  that  Flickers 
prefer  to  nest  close  to  the  top  of  dead 
stubs.   When  excavating  their  own  nest 
sites.  Flickers  seem  to  prefer  trunks  with 
smooth,  open  surfaces  (table  6).   Entrance 
direction  shows  a  preference  for  the  south 
and  east,  perhaps  to  ensure  the  access  of 

light  and  warmth  into  the  cavity  when  nest- 
ing (table  7).   Flickers  often  excavate  in 

the  same  tree  year  after  year.   They  may 
also  use  excavations  of  other  birds  such 

as  Pileated  Woodpeckers  (Lawrence  1967) . 
Lawrence  (1967)  measured  the  height  of  25 
Flicker  nests  and  found  a  range  of  2.5  to 
14  m  with  an  average  of  7  m.   Observations 

reported  by  others  support  Lawrence's  state- 
ments.  One  Flicker  nest  was  found  3  m 

above  the  ground  in  a  rotten  maple  stump 
which  also  had  a  Downy  Woodpecker  and  a 
Bluebird  nest  (Brewster  1893).   In  New 
Hampshire,  Kilham  (1959)  reported  two 
nests  in  dead  pine  stubs,  one  of  which  was 
15  m  above  ground.   Concentrations  of  19 
breeding  pairs  per  40  ha  of  white  pine 
forest  have  been  observed  in  Massachusetts 
(Dennis  1969). 

Table  6. — Woodpeckers'  seleation  of  tree 
species  for  nest  sites   (Lawrence  1967) 

Tree         : Flicker 
Hairy Downy 

No. Percent So. Percent Ho.     Percent 
In  live  trees 6 24 

10 

91 0     0 
In  dead  trees 

19 
76 1 9 11    100 

In  trees  used  before 
15 60 

2 18 5     45 
In  Populua  tremuloidee 

19 
76 11 100 11    100 

In  P.   graruiidentata 2 8 0 0 0      0 
In  other  trees d 

16 

0 0 0      0 
Total  nests 

'25 

11 11 

exclusive. 

Table  7. — Orientation  of  the  nest  openings (Lawrence  1967) 

Species:  N  :  NE  :  E  ;  SE  :  S  :  SW  :  W  :  NW  :Total 
Flicker  2  15  88  00    125 
Helry  0  14  12  02    111 
Downy  0  0   2  2   2  2   3    0   11 
Total 2  19   17  27 A  13 

89 

Flickers  seem  to  prefer  open  country 

or  lightly  wooded  areas  although  occasional 
nestings  in  deep  woods  have  been  reported. 
They  nest  in  suburban  areas  where  trees 
and  parklike  areas  are  plentiful  as  well 
as  in  rural  districts.   In  fall  and  winter, 
Flickers  live  in  open  woodlands,  fields, 
or  meadows,  and  occasionally  coniferous 
woods  or  swamps  (Bent  1939) . 

Sixty  percent  of  a  Flicker's  food  in- 
take is  animal  matter.   Of  this  portion, 

75  percent  is  ants  (they  eat  more  ants  than 
any  other  bird) .   The  rest  of  their  insect 

intake  includes  beetles,  wasps,  grass- 
hoppers, crickets,  mole  crickets,  cinch 

bugs,  wood  lice,  caterpillars,  grubs,  and 
various  flying  insects.   The  vegetable 
portion  of  their  diet  is  similar  to  the 

vegetable  portion  of  the  diets  of  the  Red- 
headed and  Red-bellied  Woodpecker  except 

that  no  mast  and  few  cultivated  crops  are 
consumed  (Bent  1939). 

Conner  et  al.    (1975)  reported  most 
Flicker  nest  trees  were  in  edge  habitats 
such  as  woodlots  and  suburban  areas,  and 

the  only  nest  trees  found  in  forest  areas 
were  in  clearcuts.   Flickers  frequently 
feed  on  or  near  the  ground  in  open  habitats. 
Selecting  a  nest  tree  with  open  ground 

availability  appears  to  be  equally  impor- 
tant to  selecting  a  suitable  tree.   The 

parklike  habitat  selection  is  illustrated 

by  Loveless  (1975)  who  reported  a  signifi- 
cantly high  frequency  of  Flickers  on  forest- 

grazed  pasture  edges  compared  to  forest-old 
field  edges.   Livestock  grazing  apparently 
eliminates  some  of  the  lush  herbaceous 
cover  and  makes  the  area  more  suitable  for 

ground  feeding. 

Hairy  Woodpecker--Pic?oi<ies  villosus 

Hard-centered  live  trees  located  in 
open  woodlands  were  the  most  commonly  used 
nesting  site  of  Hairy  Woodpeckers  observed 
by  Lawrence  (1967)  (table  6).   Kilham 
(1968a),  however,  found  many  birds  nesting 
in  living  trees  with  rotten  centers. 
Lawrence  (1967)  measured  the  height  of  11 
nests  and  found  a  range  of  4.5  to  14  m 
with  an  average  of  10.5  m.   D.b.h.  of  7  of 
the  trees  used  for  nesting  ranged  between 
25.5  to  35  cm  with  an  average  of  28  cm. 

The  size  of  a  Hairy  Woodpecker's  nest 
entrance  is  very  convenient  for  starlings 
and  flying  squirrels  (Kilham  1968a) . 
Often  Hairies  will  excavate  their  cavity 
with  the  entrance  camouflaged  or  hidden, 
such  as  on  the  underside  of  a  limb 

(Lawrence  1967).   Nests  have  been  reported [ 
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4  m  up  in  the  rotten  center  of  an  aspen, 
Kfithin  the  rotten  center  of  a  living 
jutternut  located  between  two  fields,  and 
7  m  up  in  a  living  white  birch  in  an  open 
forest  composed  of  red  oak,  birch,  and 
lornbeam  (Kilham  1968a).   Common  Flickers 
and  Downy  Woodpeckers  nest  primarily  in 
dead  trees,  but  Hairy  Woodpeckers  use  living 
trees.   If  the  woodland  where  the  woodpeckers 
lest  have  few  suitable  nest  trees,  the 
)irds  may  be  forced  to  excavate  holes  in 

lest  trees  that  are  below  optimum  size 
Stable  4)  or  too  rotten  to  be  safe. 

Hairy  Woodpeckers  make  an  effort  to 
prevent  competition  for  food  as  shown  by 
he  following  general  differences  in  the 
oraging  behavior  of  males  and  females 
:Kilham  1968a): 

Male Female 

Irea Away  from 
nest 

Close  to  nest 

'oraging 
Mostly  in Trees,  bushes. 
trees 

ground -ocation 

of  prey Deep  in  wood Superficial 
lize  of 

prey Large Small 

[anting 
technique Deliberate Keeps  moving 

Visits  to 3  to  4  X  no.  of 

young Few male 

lare  of 

young Less  concern More  attentive 

(ale  Hairies  were  observed  excavating  dead 
;runks  or  limbs  of  aspens,  black  cherries, 
ed  oaks,  and  maples.   These  trees  occurred 
lainly  either  along  stone  walls  and  dirt 

•oadways,  which  had  protected  them  from 
lumbering,  or  in  fairly  mature  woods.  When 
ioth  members  of  a  pair  were  feeding  together, 
:he  female  would  usually  feed  on  insects  in 
lying  elms  by  the  roadway  or  on  white  and 

'ellow  birches  in  the  woods  (Kilham  1965). 
loth  sexes  supplement  their  primarily  in- 

sect diet  with  fruit,  some  corn,  and  mast 
lonsisting  of  acorns,  hazelnuts,  and 
)eechnuts.   They  will  also  eat  suet  and 
at  from  carcasses  in  the  winter.   Hairies 

lave  been  accused  of  sucking  sap,  however, 
:his  is  not  substantiated.  Any  sap  or 

•.ambium  taken  is  probably  incidental  to 
learching  for  insects  (Bent  1939). 

Downy  Woodpecker--Pieot(ie6  pubesoens 

Downy  Woodpeckers  resemble  Flickers  in 
ny  of  their  nesting  habits  (tables  A  and 

6).   Like  Flickers,  Downies  prefer  to  exca- 
vate near  the  top  of  dead  trees  in  fairly 

open  timber  stands.   They  will  often  make 
new  excavations  year  after  year  in  the  same 
tree.   They  do  not  use  cavities  of  other 
birds  because  they  prefer  to  make  a  hole 
to  suit  their  own  tastes  (Lawrence  1967) . 
In  the  fall,  each  bird  excavates  a  fresh 
hole  to  use  as  a  winter  roost  (Kilham  1962) . 
Lawrence  (1967)  measured  the  height  of 

Downy  Woodpeckers'  nests  and  found  a  range 
of  4  to  15  m  with  an  average  of  9  m. 
D.b.h.  of  four  trees  used  for  nesting 
ranged  from  21  to  30  cm  with  an  average 
of  26  cm. 

Insects  comprise  the  main  portion  of 
the  summer  diet  of  Downy  Woodpeckers.   In 
Lyme,  New  Hampshire,  Xylococculus  betulae, 
an  insect  found  in  large  numbers  on  paper 
birches  and  sometimes  on  yellow  birches 
and  beech,  is  an  important  food  most  of 

the  year.   The  birds  probably  are  respon- 
sible for  keeping  the  insect  population 

under  control  (Kilham  1970).   Elsewhere, 
beetles,  weevils,  ants,  and  caterpillars 
comprise  more  than  60  percent  of  their 
diet.   Other  insects  and  wild  fruit  make 

up  the  remainder  of  their  food  (Bent  1939). 

Downy  Woodpeckers  often  feed  on  low 
vegetation.   The  distribution  of  Downies 
in  one  study  was  highly  correlated  with 
sapling  density.   Therefore,  sustained 
brush  clearance  in  the  forest  would  de- 

crease the  amount  of  Downy  Woodpecker 
habitat  (Shugart  et  al.    1974). 

Red- breasted  Nuthatch--5tt:ta  canadensis 

Red-breasted  Nuthatches  will  excavate 
their  own  cavity  if  a  suitable  cavity  is 
not  available.   The  female  chooses  the 

nesting  site  and  does  most  of  the  excavating. 
After  excavation,  a  true  nest  is  built  in 
the  hole.   Nuthatch  nests  have  been  found 

in  old  poplar  and  yellow  birch  snags 
(de  Kiriline  1952,  Kilham  1973). 

Red-breasted  Nuthatches  breed  in 
Canada  and  northern  Minnesota,  Michigan, 
and  northern  New  England  where  they  prefer 
evergreen  forests  (Peterson  1964)  .   The 
bird  is  only  a  winter  resident  of  Missouri. 
Nothing  specific  was  found  about  the  winter 
habitat  but  this  Nuthatch  probably  roosts 
in  natural  or  previously  made  cavities 
during  the  winter.   Seeds  of  pine,  spruce, 
and  fir  are  its  main  winter  diet  with  in- 

sects included  when  they  are  available. 
Nuthatches  will  use  bird  feeders  offering 
suet  (Bent  1948). 



White-breasted  Nuthatch-- 
Sitta  carolinensis 

White-breasted  Nuthatches  nest  almost 
exclusively  in  natural  cavities  within 
living  trees  of  mature  forests  (Kilham 
1968b) .   When  there  are  absolutely  none  to 
be  found,  they  may  use  an  abandoned 
woodpecker  hole  (Pearson  1936) .  No  reports 

In  the  literature  were  found  of  any  White- 
breasted  Nuthatches  excavating  their  own 
nest  hole.   However,  E.  L.  Bull  observed 

a  pair  nesting  in  a  cavity  they  had  exca- 

vated in  a  grand  fir  {Abies  grandis) .^ 
Because  they  are  natural  cavity 

nesters,  these  nuthatches  compete  fiercely 
with  tree  squirrels  for  cavities.   Kilham 
(1968b)  found  that  squirrels  are  attracted 
to  two  sizes  of  entrance  holes  in  old 

sugar  maples,  holes  of  3  to  4  cm  in  diameter 
attract  red  squirrels  (Tomiasciurus 
hudsonicus)    and  holes  of  7  to  10  cm  in 
diameter  attract  grey  squirrels  {Sciurus 
acLrolinensis) .      Two  reports  of  red  squirrels 
occupying  cavities  used  the  previous  year 

by  White-breasted  Nuthatches  were  dis- 
covered.  Kilham  (1968b)  found  that  flying 

squirrels  (Glaucomys   spp.)  do  not  compete 
with  nuthatches  for  cavities  because  they 
seem  to  prefer  woodpecker  holes  rather  than 

the  natural  cavities  used  by  White-breasted 
Nuthatches  (Kilham  1968b). 

Like  Kestrels,  White-breasted  Nuthatches 
lay  spotted  eggs.   This  indicates,  according 

to  Haartman's  (1957)  classification,  that 
the  birds  are  secondary  hole  nesters  and 

have  acquired  cavity-nesting  habits  much 
more  recently  than  such  species  as 
woodpeckers,  which  lay  white  eggs  (Kilham 
1968b). 

A  myriad  of  Insects,  including  larvae 
of  the  gypsy  moth  and  the  forest  tent 
caterpillar,  beetles,  spiders,  caterpillars, 

and  ants  comprise  the  main  diet  of  White- 
breasted  Nuthatches  throughout  the  spring 
and  summer.   The  winter  diet  Is  composed 
of  beechnuts,  acorns,  hickory  nuts,  maize, 
and  sunflower  seeds.   They  can  be  attracted 
to  feeders  offering  suet  and  sunflower 
seeds  (Bent  1948). 

Carolina  \ftren--Thryothorus  ludoviaianue 

Carolina  Wrens  are  versatile  in  their 
nesting  site  choices.   Their  nests  have 

sides,  a  roof,  and  a  side  entrance,  and 

^Bull^    Evelyn  L. ooimrunication. 
1976.     Personal 

are  made  predominantly  from  dry  leaves, 
stems,  and  leaf  skeletons.   They  prefer  to 
build  on  a  ledge  or  some  kind  of  receptacle 
to  give  their  nest  support.   They  are  well  II 
adapted  to  the  habitats  of  man  but  also     il 
nest  in  the  woods  there  they  prefer  tangles 
and  brushy  undergrowth  (Laskey  1948, 
Peterson  1964)  . 

Animal  food,  which  is  nearly  all  in- 
sects, makes  up  94  percent  of  the  Carolina 

Wren's  diet.   Of  this,  beetles,  caterpillars, 
moths,  and  various  Hemlptera  and  Orthoptera 
comprise  the  largest  portion.   The  6 
percent  vegetable  matter  is  consumed  during 
the  winter  when  insects  are  unavailable. 

The  chief  component  of  the  vegetable  part 
is  seeds  including  those  of  bayberry, 
sweet  gum,  poison  ivy,  sumac,  pine,  and 
acorns.   Carolina  Wrens  come  freely  to 
feeding  stations  placed  near  brush  piles, 
thickets,  or  other  shelter  to  feed  on 
ground  peanuts,  suet,  bone  marrow,  or 

hamburger  (Bent  1948).  ' 

Laskey  (1948)  reported  that  of  the  37 
Carolina  Wren  nests  found;  17  were  in  bird 
boxes,  either  stationary  or  swinging;  9  i 
were  on  shelves  or  various  ledges  inside  a  \ 
building;  4  were  among  growing  plants  in  I 
window  boxes;  2  were  in  sacks  of  old  clothes  1 
in  a  hen  coop ;  and  the  remainder  were  in  I 

various  other  places  such  as  a  tin  news-  i 
paper  cylinder  and  a  mall  box.  There  are 
other  reports  of  different  locations  for 
Carolina  Wren  nest  sites.  Among  these  are 
two  accounts  of  the  bird  nesting  in  old 
hornet  nests  (Brooks  1932) ,  and  a  pair  that 
nested  in  a  grape  basket  covered  with  a 
shingle  (Nice  and  Thomas  1948)  .  From  the 
literature,  it  seems  Carolina  Wrens  prefer 

a  fairly  well  enclosed  nesting  site.  How- 
ever, they  are  not  totally  dependent  upon 

cavities. 

Bewick's  Urer\--Thryomanes  bewiokii 

Nests  of  the  Bewick's  Wren  can  be 
found  in  a  multitude  of  places.   They  are 
usually  located  in  cavities  in  or  within  a 
few  feet  of  the  ground.  Most  nests  are 

cup-shaped  and  open  above,  but  occasionally 
the  wren  will  build  a  dome  over  the  nest  if 

there  Is  not  enough  cover  present.   Nests 
have  been  found  in  rock  walls,  piles  of 

boxes,  under  tile  on  a  roof,  and  in  man- 
made  nesting  boxes  when  secluded  enough. 
Two  nests  were  found  in  natural  cavities 
in  fallen  trees  in  the  forest  and  one  was 

found  in  a  rotted-out  cavity  3  m  above  groundij 
in  a  live  oak.   Another  interesting  nesting 
site  was  a  hole  15  cm  wide  and  10  cm  deep 
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:hat  extended  horizontally  back  45  cm  into 
I  hillside  (Miller  1941).   There  is  also 
I  report  of  a  pair  of  wrens  nesting  in  the 
;love  compartment  of  a  truck  in  an  open 
;arage  (Beemer  1947). 

Here  again  is  a  case  of  high  adapt- 
ibility  in  choosing  a  nesting  site.   From 

he  literature,  it  would  seem  Bewick's  Wrens 
re  capable  of  adjusting  themselves  to  suit 
heir  environment  much  better  than  some 
irds. 

Bewick's  Wrens,  like  other  wrens,  can 
e  useful  to  have  around  because  of  their 

arge  consumption  of  insects;  insects  make 
p  97  percent  of  their  diet.   In  the  South, 

ewick's  Wrens  eat  boll  weevils  and  in 
ebraska  they  consume  locusts  (Bent  1948). 

House  Uren- -Troglodytes  aedon 

Like  the  Bewick's  Wren  and  the  Carolina 
ren,  the  House  Wren  is  generally  catholic 
n  its  choice  of  a  nesting  site.   Odum  and 
ohnston  (1951)  found  three  House  Wren  nests 
n  pipes  less  that  5  cm  in  diameter  that 
ere  used  as  slanting  braces  for  a  fence, 

hen  it  can  find  them,  the  House  Wren  pre- 
ers  cavities  in  trees  or  nesting  boxes, 
arolina  Wrens  and  House  Wrens  are  aggressive 
in  their  nesting  habits  and  will  drive 
ther  birds  from  cavities.   They  will  nest 
n  the  vicinity  of  each  other  but  the  more 

jimid  Bewick's  Wren  does  not  nest  very 
uccessfully  in  the  presence  of  Carolina 
r  House  Wrens  (Sutton  1930). 

House  Wrens  eat  large  quantities  of 
tisects  and  arthropods.   Their  diet  Is 

Imllar  to  that  of  the  wrens  already  men- 
ioned  (Bent  1948) . 

Great  Crested  Flycatcher-- 
Myiarchus  crinitus 

The  Great  Crested  Flycatcher  Is  unable 
0   excavate  a  cavity,  so  it  must  use 
atural  cavities  or  excavations  made  by 
ther  birds.   Nests  have  been  found  in  oak, 
ph,  maple,  birch,  pine,  cedar,  chestnut, 
lilip,  pear,  tupelo,  sycamore,  and  locust 
rees.   Most  nests  occur  below  6  m,  but 
aey  have  been  found  from  1  to  21  m  above 

he  ground.   The  bird  prefers  a  large  cav- 
ty,  which  averages  45  to  76  cm  deep,  for 
ts  bulky  nest  and  likes  a  hole  large  enough 

or   easy  access.   They  seem  to  prefer  nat- 
ral  cavities — even  deep  ones  that  they 
illl  with  trash  to  within  30  to  45  cm  of 

he  top  before  constructing  a  nest  (Bent 
942). 

Great  Crested  Flycatchers'  food  con- 
sists of  94  percent  animal  and  6  percent 

vegetable  material.   Members  of  the  family 
Lepidoptera  were  eaten  most  frequently, 
followed  by  various  Coleoptera,  Orthoptera 

(mainly  grasshoppers,  crickets,  and 
katydids),  then  Hymenoptera  (including 
many  sawf lies) .   Although  the  bird  is 
called  a  flycatcher,  very  few  true  Diptera 
are  eaten.  Most  food  is  taken  on  wing  in 
the  usual  flycatcher  fashion.   However, 
in  the  early  spring,  much  food  is  taken  on 
or  near  the  ground  or  from  crevices  in 
tree  bark.   Vegetables  eaten  are  mainly 
wild  fruits — including  mulberries,  poke- 
berries,  sassafras,  spicebush,  raspberries, 
chokecherries,  Virginia  creeper,  wild 

grapes,  huckleberries,  blueberries,  and 
elderberries  (Bent  1942) . 

Great  Crested  Flycatchers  were  orig- 
inally a  deep  forest  bird.   However,  with 

clearing  on  much  forest  land  and  thinning 
being  carried  out  on  a  lot  of  the  remaining 
forest,  flycatchers  find  fewer  cavities  in 
which  to  build  nests.   They  have  learned 
to  adapt  to  living  in  more  open  situations, 
such  as  old  orchards,  isolated  trees  in 
open  lots,  and  around  human  habitations. 

Nesting  in  forests  is  still  done  when  cav- 
ities can  be  found,  but  flycatchers  now  in- 

habitat  the  less  extensively  and  less 
densely  forested  areas,  becoming  more  of 
a  forest  edge  species  (Bent  1942,  Loveless 
1975).   Hespenheide  (1971)  found  the  birds 
breeding  in  a  wide  range  of  habitats  and 
coexisting  with  never  more  than  one  species 
of  smaller  flycatcher.   Aspects  of  habitat 
utilization  by  coexisting  flycatchers  to 
avoid  competition  are  not  known. 

Tree  Svla^^ov^--Ir^doprocne  bicolor 

Before  North  America  was  settled. 
Tree  Swallows  built  nests  in  hollow  trees 

or  deserted  woodpecker  cavities.   Occasional 
nests  are  located  in  old  apole  orchards 
and  in  holes  of  trees  in  or  near  meadows 

(Bent  1942).   They  can  also  be  found  nest- 
ing in  old  woodpecker  holes  if  many  dead 

trees  are  standing  close  to  or  in  water 
(Whittle  1926).   Houses  erected  for  Purple 
Martins  serve  as  nesting  sites  if  old 
trees  are  felled  and  woodpecker  holes  are 
usurped  by  other  cavity  nesters. 

Some  authors  consider  Tree  Swallows  to 
be  colonial  and  others  with  similar  data 

say  they  are  not.   They  are  not  as  colonial 
as  Purple  Martins  and  are  jealously  watchful 
and  pugnacious  toward  all  birds  of  similar 
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nesting  habits,  including  other  Tree 

Swallows  (Norton  1917).   Reports  have  been 

made  of  many  pairs  of  Tree  Swallows  nesting 

in  multi-compartmented  Martin  houses.   How- 
ever, most  of  these  have  been  discounted 

as  incorrect  observations.   Multi- 

compartmented  houses  may  be  filled  before 

the  June  breeding  season  but  as  soon  as 

the  nesting  urge  is  felt,  one  pair  takes 

over  the  entire  house  and  allows  no  other 

bird  to  nest  there  (Whittle  1926).   Whittle 

(1926)  considers  them  to  be  colonial  be- 
cause of  nesting  densities  which  can  be 

attained.   By  posting  houses  at  least  2  m 

apart,  birds  can  be  concentrated  in  numbers 

of  up  to  150  pair  per  0.3  ha.   Factors 

that  limit  this  density  are  the  amount  of 

open  area  for  nesting  boxes  and  adequate 

feeding  areas  such  as  meadows,  marshes,  or 
water. 

Low  (1933)  gives  dimensions  of  two 
boxes  used  commonly  for  Tree  Swallows. 
The  first  is  the  Packard  Bluebird  box 
which  is  12.7  by  12.7  cm  on  the  bottom, 
23  by  12.7  cm  on  the  back,  19  by  12.7  on 
the  front,  and  19  cm  square  on  the  top. 
The  Higgins  box  is  23  cm  deep,  15.2  cm 
long,  lA  cm  wide,  and  has  a  flat  top  that 
overhangs  the  front  by  5  cm.   Both  boxes 
have  entrance  holes  3.8  cm  in  diameter. 

It  is  recommended  they  be  mounted  on  1.7  m 
posts  in  open  fields. 

The  Tree  Swallow  is  the  first  of  its 
tribe  to  arrive  in  the  North  in  the  spring 
and  the  last  to  depart  in  the  fall.   They 
can  subsist  on  seeds  and  berries  and 

therefore,  are  not  so  closely  confined  to 
insect  abundance  as  are  other  swallows. 

Tree  Swallows  are  partial  to  waxmyrtle  and 
bayberry  in  the  limited  zones  where  they 
grow.   Proportions  of  plants  in  their  diet 
were  30  percent  in  the  winter,  1  percent  in 
the  spring,  21  percent  in  the  summer,  and 
29  percent  in  the  fall  (Martin  et  al.    1951, 
Forbush  1955). 

Purple  Marti n--Pro^ne  subis 

Before  white  man  settled  North  America, 

Purple  Martins  built  nests  in  natural  cav- 
ities or  in  cliffs  (Bent  1942),  or  in  aban- 
doned woodpecker  holes  in  trees  (Allen  and 

Nice  1952) .   A  few  also  nested  in  bird 
houses  built  by  the  Indians  out  of  gourds. 
Purple  Martins  probably  never  did  inhabit 
the  great  forests  of  the  East  but  were 
found  mostly  on  open  grassy  valleys,  along 

rivers,  around  lake  shores,  and  by  sea- 
coast  marshes  (Forbush  and  May  1955)  . 
Today,  houses  are  set  up  for  these  colonial 

birds  on  poles  in  open  areas  with  separate 
apartments  that  house  from  1  to  200  birds 
(Bent  19A2). 

A  Purple  Martin  house  can  be  built  to 
any  size,  but  each  apartment  in  it  should 
be  15  by  19  by  13  cm  high.   The  entrance 
hole  is  6  cm  in  diameter.   The  house, 
painted  white  so  as  not  to  disturb  the 
birds  and  provide  a  cooler  nesting  area 
(Sawyer  1955),  is  placed  on  a  pole  or  roof 
A  to  6  m  from  the  ground. 

Purple  Martins  are  one  of  the  first 
birds  to  arrive  in  the  spring.   The  males 
arrive  before  the  females  and  establish 

themselves  at  the  nesting  boxes.   The 
Purple  Martin  has  a  strong  homing  instinct 
and  will  remember  where  old  nesting  boxes 
were  the  year  before  even  if  the  boxes 
have  not  been  put  up  for  that  year  yet. 
The  Martin  house  should  not  be  erected  or 
the  entrances  should  be  closed  off  until 

the  birds  arrive.   Otherwise  English 
Sparrows  and  Starlings  will  take  over  and 

the  Purple  Martins  probably  won't  nest 
successfully  (Bent  19A2)  . 

The  Purple  Martins'  diet  consists 
solely  of  insects.   These  are  procurred 

mostly  on-the-wing  in  the  typical  swallow 
fashion  by  darting,  swooping,  and  skimming 
pond  surfaces.   The  Purple  Martin  normally 
flys  at  a  moderate  speed  but  its  favorite 
food,  the  fast  flying  dragonfly,  is  easily 

caught.   The  Purple  Martins'  diet  is  made 
up  primarily  of  ants,  wasps,  flies,  dragon- 
flies,  and  a  few  bets.   This  bird  is  bene- 

ficial to  man  because  it  consumes  millions 

of  mosquitoes  and  houseflies  (Allen  and 
Nice  1952).   Some  birds  will  feed  on  the 

ground  especially  in  severe  weather  when 
they  can  pick  up  dead  or  stunned  insects 
(Forbush  and  May  1955). 

The  Purple  Martin  is  an  early  fall 
migrant.   They  gather  in  large  numbers  to 
migrate  (Bent  19A2)  to  their  winter  home  in 
Brazil  (Pearson  1936). 

Black-capped  and  Carolina  Chickadees-- 
Parus  atricapillus   and  Parus  carolinensis 

Carolina  and  Black-capped  Chickadees 
have  similar  nesting  habits  and  are  both 
found  in  Missouri.   The  Wildlife  Habitat 

Management  Guide  for  the  National  Forests 
in  Missouri  (1973)  mentions  only  the 
Carolina  Chickadee,  which  is  the  common 
nester  south  of  the  Missouri  River  on  the 

National  Forest  lands.   Black-capped 
Chickadees  nest  north  of  the  Missouri  River. 
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Until  the  breeding  season,  Chickadees 

roost  anywhere  it  is  convenient  and  gen- 
erally not  in  cavities  (Odum  1942) .   When 

:he  nesting  season  approaches,  several 
lest  sites  are  searched  out  and  inspected. 
)ften  a  pair  nesting  for  the  second  year 
Jill  nest  in  the  cavity  they  used  the 
)revious  year  after  making  some  alterations 
^Brewer  1961).   The  birds  are  found  nesting 
In  comparatively  open  situations  such  as 
'oung  forests,  hedgerows,  or  field  borders, 
lowever,  these  sites  are  near  deeper  woods 
7here  Chickadees  generally  feed  and  rest 
;Odum  1941a) . 

Brewer  (1961),  working  in  Illinois  with 

a  population  of  Carolina  Chickadees,  a  pop- 
ilation  of  Black-capped  Chickadees,  and  a 
copulation  of  the  two  species  that  had 
Interbred  (called  the  Vandalia  population), 
:ound  common  likes  as  far  as  nesting  stubs 
*ere  concerned  (table  8) .   Nests  were 

pound  in  cavities  of  stubs  usually  1.6  to 
m  tall  and  11  to  13  cm  in  diameter.   Trees 
ith  partially  decayed  cores  and  firm 
hells  were  preferred.   The  particular 
ree  species  favored  depends  on  the  region, 
he  18  nests  observed  by  Odum  (1941b)  were 
ound  in  the  following  tree  species:   4  in 
in  cherry  (Prunus  penslyvanica) ,  3  in 
aper  birch  (Betula  papyrifera) ,    3  in 
eech  (Fagus  grandi folia) ,   2   in  yellow 
iirch  (Betula   lutea) ,    2   in  willow  (Salix 
\ebbiana) ,  1  in  basswood  {Tilia  amer-icana) , 
in  sugar  maple  {Acer  saooharum) ,  1  in 

fhite  ash  {Fraxinus  amer-icana) ,   and  1  in 
n  apple  tree. 

The  most  suitable  nesting  sites  are 
oft  trees  such  as  birch  and  pin  cherry, 
hese  trees  occur  as  living  trees  in  the 

arly  serai  stages  but  are  short-lived  and 
ersist  in  the  intermediate  serai  stages 
s  decayed  snags.   By  the  time  the  mature 
orest  develops,  all  are  gone  and  the  dead 

imber  is  mostly  harder  wood,  less  suit- 
ble  for  excavation.   Occupancy  of  cavities 
ther  than  those  excavated  by  themselves 
s  rare  among  Chickadees.   If  they  do  use 
n  existing  cavity,  they  almost  always  do 

some  excavating  in  it.   They  will  nest  in 
boxes  where  some  excavation  is  possible. 
This  would  mean  partially  filling  boxes 
with  peat  and  sawdust  to  entice  Chickadees 
to  use  them  (Brewer  1961). 

Food  of  both  Chickadee  species  are 
similar;  approximately  70  percent  animal 
matter  and  30  percent  vegetable  matter. 
Vegetable  intake  is  mostly  wild  fruits  such 
as  bayberries,  blackberries,  blueberries, 
poison  ivy  berries,  and  a  little  mast. 

Caterpillars,  eggs,  and  full-grown  moths 
are  the  insect  items  most  often  ingested. 
Spiders  come  next,  then  beetles,  true  bugs, 
ants,  and  various  Hymenoptera  and 
Orthoptera.   Even  in  the  winter,  insects 
comprise  more  than  half  of  their  food; 
largely  eggs  of  moths,  katydids,  and  spiders, 
Bud  and  bud  scales,  which  are  ingested 
while  eating  plant  lice,  comprise  less  than 
25  percent  of  the  winter  diet.   Birds  can 
be  lured  into  feeders  that  offer  bones 

with  bits  of  raw  meat  and  gristle  attached, 

cheese,  suet,  sunflower  seeds,  and  bread- 
crumbs (Bent  1946,  Martin  et  al.    1951). 

Tufted  Ti tmouse- -Porus  bicolor 

These  active  birds  are  generally  found 
in  groups  of  two  to  six  in  thick  growth  and 
often  near  water.   They  are  essentially 

nonmigratory  and  although  they  are  con- 
spicuous in  late  fall  and  winter,  they  tend 

to  disappear  in  late  spring  in  order  to 
nest  and  molt  (Gillespie  1930) .   Many 
authors  state  Tufted  Titmice  nests  are 
difficult  to  locate.   Brackbill  (1970)  and 

Middleton  (1949)  both  have  reported  ob- 
serving titmice  nests  but  these  were  in 

nesting  boxes.   Laskey  (1957)  observed 
nests  in  natural  cavities  that  averaged 

from  1.5  to  2m  above  ground — extremes  were 
one  that  was  0.45  m  above  ground  in  a  gum 
tree  and  one  that  was  6  m  above  ground  in 
a  hackberry.   The  female  constructs  a  nest 
made  of  green  moss,  grass,  leaves,  vegetal 
matter,  an  occasional  snake  skin  and  lined 
with  soft  fiber  or  hair  in  which  to  lay 
her  5  to  7  eggs  (Laskey  1957)  . 

Table  8. — Dimensions  of  nesting  cavities  of  Black-capped  and  Carolina 
Chickadees  and  Chickadees  of  the   Vandalia  population   (Brewer  1961) 

Measurement    \ 
Carolina  Chickadee 
No.  :  Mean  ±  S.E. 

:  Blk- 
:  No. 

capped  Chickadee 
:  Mean  ±  S.E. 

Vandalia  Pop. 
:  No. :  Mean  ±  S.E. mm 

wm 

TTjm 

Entrance  hole  diameter 
Vertical 3 40.2+0.1 3 1*1. 2+A 5 42.0+1.4 
Horizontal 3 44.7+5.4 3 41.4+2.7 6 

36.7+1.6 
Cavity  diameter 2 65.2 4 64.8+3.4 2 81.8 
Cavity  depth 3 179.(H:18.0 4 199.(H9.0 4 221.0+20.2 13 



In  the  fall.  Tufted  Titmice  abandon 
carefully  guarded  breeding  territories  and 
form  small  groups.   There  is  some  argument 
as  to  whether  they  have  definite,  more 
expanded  winter  territories  or  whether  they 
are  rovers  (Condee  1970).   Van  Tyne  (1948) 
offers  a  solution  in  her  observation  that 

in  Michigan  there  seem  to  be  titmice  with 
restricted  home  ranges  (assumed  to  be  full 
adults)  and  those  that  wander  (assumed  to 
be  birds  in  first  winter) . 

The  diet  of  Tufted  Titmice  also 

changes  from  season  to  season.   In  spring 
and  summer  it  is  mainly  an  animal  diet  (89 
percent  and  82  percent,  respectively). 
Caterpillars  often  make  up  more  than  50 
percent  of  animal  material  (Martin  et  at. 
1951)  so  the  birds  spend  most  of  their  time 
in  the  treetops.   During  late  fall  and 
winter,  their  diet  is  mainly  vegetable 
(78  percent) .   Conmion  winter  foods  consist 
of  beechnuts,  acorns,  dogwood,  Virginia 
creeper  berries,  alder  seeds,  Japanese 

honeysuckle,  and  seeds  of  tulip-tree  pods 
so  during  the  winter  the  birds  spend  more 
time  on  or  near  the  ground  (Gillespie 
1930). 

Eastern  B1uebird--5-taHa  sialis 

Bluebirds  prefer  to  nest  in  natural 

cavities  in  savanna-like  habitats  con- 
sisting of  pasture  areas  with  scattered 

small  trees  and  bushes  near  lakes  (Rustad 
1972) .   Nests  are  neatly  made  of  dry  grass 
or  other  plant  material.   The  female  lays 
from  3  to  6  eggs,  which  are  most  often 
blue  but  occasionally  are  white.   In  a 
good  season,  the  female  can  raise  three 
broods  (Zeleny  1973) . 

Presently,  Eastern  Bluebird  populations 
are  low  throughout  most  of  their  range  be- 

cause of  a  serious  shortage  of  acceptable 
nesting  sites,  and  because  of  competition 
from  other,  more  aggressive  birds.   The 
birds  refuse  to  nest  in  dense  woods.   In 

the  more  open  areas,  which  they  prefer, 
people  often  remove  dead  trees  and  limbs 
because  they  are  unsightly  or  inconvenient 
when  cultivating.   Wooden  fence  posts  are 
slowly  being  replaced  by  metal  ones. 
Thus,  these  potential  nest  sites  are  dis- 

appearing (Pinkowski  1976,  Zeleny  1973). 
Competition  for  nest  sites  has  always  been 
present  but  now  is  more  intense  because 

the  number  of  suitable  sites  is  diminishing. 
Tree  Swallows,  House  Sparrows,  and  House 
Wrens  all  compete,  usually  successfully, 
with  Bluebirds  for  nest  sites  (Rustad 
1972,  Musselman  1935). 

Competition  for  nest  sites  has  forced 

the  Eastern  Bluebird  away  from  human  pop- 
ulation centers  where  Starling  and  House 

Sparrow  densities  are  high.   Clearcuts  in 

mature  oak-hickory  forests  create  a  suit- 
able nesting  habitat  for  Bluebirds — seven 

of  10  clearcuts  searched  contained  an 
active  Bluebird  nest.   All  seven  nests 

were  in  standing  dead  snags,  and  often 
were  constructed  in  abandoned  Common 
Flicker  excavations.   Entrances  to  the  nest 

cavity  ranged  from  4  to  12  cm  in  diameter. 

If  dead  snags  are  left  standing,  clearcut- 
ting  can  create  an  acceptable  nesting  hab- 

itat for  Bluebirds  for  at  least  12  years 
afterward.   Starlings  and  House  Sparrows 
are  usually  absent  from  clearcuts  (Conner 
and  Adkisson  1974)  . 

Pinkowski  (1976),  reporting  on  98 
cavities  used  by  Bluebirds,  found  that  78 
percent  of  the  nests  were  in  abandoned 

woodpecker  holes,  17  percent  were  in  nat- 
ural cavities,  and  5  percent  were  in  fire- 

produced  cavities.   A  wide  range  of  cavity 
heights  and  dimensions  are  acceptable  to 
Bluebirds  for  nesting  (Pinkowski  1976)  as 
shown  by  the  following  cavity  measurements 
of  Eastern  Bluebirds  in  two  areas  in 
Michigan: Mean 

Range 

3.6 

0.5 
to 

16.8 

6.1 3.7 
to 

13.3 

19.8 7.6 to 
48.3 

9.2 
5.7 

to 

15.9 

Cavity  height  (m) 
Entrance  diameter  (cm) 
Cavity  depth  (cm) 
Interior  diameter  (cm) 

One  way  to  combat  the  shortage  of  nat- 
ural cavities  and  the  competition  from 

other  birds  is  to  provide  nesting  houses 
(fig.  2).   Both  Rustad  (1972)  and  Zeleny 
(1973)  agree  the  diameter  of  the  entrance 
hole  should  be  exactly  3.8  cm  in  order  to 
exclude  Starlings  and  the  hole  should  be 
15  cm  from  the  bottom  of  the  box.   Inside 
floor  dimensions  should  be  between  10  by 

10  cm  and  13  by  13  cm.   Zeleny  (1973)  states 
that  the  smaller  floor  size  is  more  advan- 

tageous because  it  tends  to  discourage 
House  Sparrows,  which  like  to  build  bulky 
nests.   Boxes  are  most  effective  when 

placed  in  open  areas.   If  mounted  away 
from  bushes.  House  Wrens  are  not  likely 

to  compete.   The  openings  should  be  placed 
toward  an  open  field;  the  compass  direction 
is  not  important  (Rustad  1972) . 

Bluebirds  have  been  known  to  nest  year 
after  year  within  a  few  yards  of  Carolina 

Chickadees,  Tufted  Titmice,  Bewick's  and 
Carolina  Wrens,  Great  Crested  Flycatchers, 
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matter  is  mostly  wild  fruit  and  a  few 
cherries,  raspberries,  and  blackberries 
when  available  (Bent  1949).   Bluebirds 

perch  in  an  exposed  place  and  fly  to  the 
ground  to  catch  prey.   In  the  early  spring 
and  again  in  summer,  they  catch  flies  on 
the  wing  and  return  directly  to  their  perch 
to  eat  (Thomas  1946) . 

Prothonotary  Viarh'\er--Protonotaria  citrea 

1  1/2-DIAM. 

1/2" 

—  4"— «  -•3  1/4"i 

— r 

3  1/2" 

1 

-4 

9"
 

3  1/4- 

— r 

5  1/4" 

SIDES  (2)  BOTTOM  TOP  FRONT  BACK 

Figure  2. — Design  of  a  bluebird  box 
(Missouri  Conservation  Commission, 
n.d.).      The  top  is  hinged  to  facilitate 
cleaning.     Place  bird  box  2-5  m  from 
ground  in  a  sunny  place  along  a  road- 
side. 

id  Flickers.   This  peaceful  coexistence 
in  be  achieved  by  the  following  careful 
lacement  of  nest  boxes:   place  boxes  for 
Luebirds  and  Flycatchers  in  the  open;  hang 

if ted  Titmice  boxes  in  trees;  place 
ickadee  boxes,  which  are  very  small,  on 
w  posts  under  oak  trees;  place  Wren  boxes, 
lich  are  shallow,  under  the  eaves  of  low 
liildings,  inside  sheds  or  barns,  or  on  a 
Jirch;  and  place  Flicker  boxes,  which  are 
teper  than  Bluebird  boxes  in  the  open 

Chomas  1946).   Flickers  adjust  well  to 
I  sting  in  boxes.   Hopefully  with  increased 

bareness  of  the  Bluebirds'  present  low 
tmbers,  more  boxes  of  suitable  dimensions 
*11  be  constructed  and  placed  in  convenient 

a'eas  for  them  to  raise  successful  broods. 
1  this  way,  the  population  of  these  birds 
vll  perhaps  be  boosted  to  former  levels. 

On  a  yearly  basis  Bluebirds  consume 
6  to  70  percent  animal  matter  and  30  to 
3  percent  vegetable  matter.   Vegetable 
Itake  increases  to  more  than  50  percent 
i  December  and  January  and  decreases  to  0 
i  May.   Animal  matter  consumed  includes 
gasshoppers,  crickets,  katydids,  various 
Cleoptera,  moths  and  caterpillars,  some 
Hnenoptera  and  Hemiptera,  as  well  as 
vrious  other  invertebrates  and  an  occa- 

apnal  lizard  or  tree  frog.   Vegetable 

The  border  between  water  and  thick 

deciduous  woods  seems  to  be  the  required 
habitat  for  Prothonotary  Warblers.   Nests 
are  almost  always  in  stumps  and  snags  that 
are  shaded  most  of  the  day  and  either 
standing  in  water  or  within  6  m  of  it 
(Simpson  1969)  .   Downy  Woodpecker  and 
Chickadee  holes  from  0.6  to  4m  from  the 

ground  are  used  most  often  (Pearson  1936) . 
However,  the  warblers  reportedly  have  a 
wide  tolerance  of  the  type  of  cavities 
they  will  use  for  nesting.   Walkinshaw 
(1953)  found  that  when  nesting  houses  were 
provided,  the  birds  preferred  sites  between 
1  and  2  m  above  the  water.   He  also  reported 
that  82  of  84  nests  located  in  natural 
sites  were  from  0.5  to  4.5  m  above  ground 
or  water.   One  writer  also  mentioned  that 

in  Mississippi  birds  frequently  excavate 
their  own  cavities  in  soft  cottonwood 

stumps  (Chapman  1907) .   Females  build  nests 
within  the  cavity  in  which  they  lay  five 
to  seven  eggs.   Usually  the  foundation  is 
made  of  straw  or  grass,  next  a  layer  of 
grape  vine  bark  is  put  down,  and  finally 
a  thick  cover  of  moss  is  added  (Chapman 
1907). 

Prothonotary  Warblers  are  usually  ab- 
sent from  waterways  if  the  woody  border  is 

less  than  30  m  wide.   However,  they  do  tol- 
erate one  bare  bank  if  the  opposite  one  has 

enough  woody  vegetation.   Chapman  (1907) 
found  them  to  range  all  along  the  bottom 
lands  of  the  Mississippi  River  and  its 
tributaries  as  far  north  as  southern 

Minnesota.   During  the  breeding  season, 
singing  males  make  their  territories  in  a 
linear  fashion,  each  one  covering  240  to 

300  m  of  woody  vegetation  along  the  water's 
edge  (Simpson  1969) .   Unlike  many  cavity 
nesters,  Prothonotary  Warblers  do  not  winter 
in  their  breeding  area  but  migrate  as  far 
south  as  Venezuela  and  Nicaragua  in  the 
fall  (Chapman  1907). 

Prothonotary  Warblers  are  mainly  in- 
sectivores.   They  eat  ants  and  other  insects 
and  their  larvae  as  well  as  spiders,  beetles, 
mayflies,  caterpillars,  and  larvae  of  water 15 



insects.   They  usually  feed  low  on  the 
vegetation  (trunks  and  branches  of  trees, 
shrubs,  and  fallen  logs)  and  near  water. 
They  will  also  eat  small  mollusks  which 
they  catch  from  perches  on  rank  grasses  and 
water  plants  (Bent  1953). 

spruce  bark  beetles  and  southern  pine 
beetles  have  been  destroyed  in  patches  of 
bark  worked  over  by  woodpeckers  (Craighead 
1950).   Hall  (1942)  reported  woodpeckers 
were  the  most  important  single  factor  in 
the  control  of  locust  borers. 

PREDATOR-PREY  RELATIONS 

Insects  are  an  abundant  form  of  life 

in  the  forest.   They  exert  a  continuous  in- 
fluence through  all  stages  of  forest  devel- 
opment.  Craighead  (1950)  estimated  an 

economic  loss  of  $200  million  annually  to 
forest  insects.   Half  of  this  loss  is  in- 

sect damage  to  ornamental  trees.   Zeedyk 

and  Evans  (1975)  discuss  some  of  the  com- 
plications in  assessing  the  value  of  in- 

sectivorous birds  (many  of  which  are  cavity 
nesters)  in  controlling  insect  populations. 
Conclusions  from  searching  the  literature 

are  that  birds  do  not  control  epidemic  in- 
sect populations,  but  do  reduce  the  threat 

of  an  insect  outbreak. 

Observations  in  Arkansas  and  Mississippi 
for  the  past  10  years  indicated  woodpeckers 
are  among  the  most  important  natural  control 

agents  of  trunk-boring  insects  in  hardwoods. 
The  greatest  service  rendered  by  woodpeckers 
is  the  constant  pressure  they  exert  upon 
endemic  borer  populations  to  keep  them  from 
becoming  epidemic.   Predation  on  borers  was 
greatest  during  mid  and  late  winter  (Solomon 
and  Morris  1970) . 

Massey  and  Wygant  (1973)  reported 
woodpecker  nesting  increased  as  spruce 

beetle  populations  increased.   Beetle  den- 

sity was  associated  with  the  woodpeckers' 
efficiency  as  predators.   When  beetle  pop- 

ulations were  low  (1,000  to  2,500  per  ha), 
woodpecker  feeding  accounted  for  28  percent 
mortality.   When  beetle  populations  were 
high  (A00,000  per  ha),  woodpeckers  accounted 
for  84  percent  mortality.   However,  when 

beetle  populations  reached  epidemic  pro- 
portions (4,000,000  per  ha),  woodpeckers 

only  accounted  for  53  percent  mortality 
(Massey  and  Wygant  1973). 

Many  of  the  trade-offs  between  timber 
management  practices  and  habitat  management 
practices  for  cavity  nesters  are  still 
speculative.   Literature  could  not  be 

found  that  reported  on  quantified  changes 
of  timber  income  by  leaving  some  dead  and 
dying  trees  in  the  stand.   It  has  been 
reported  that  local  insect  outbreaks  can 
be  checked  by  insectivorous  birds  and  more 
than  75  percent  of  the  broods  of  eastern 

Timber-woodpecker-wood  borer  inter- 
relations are  further  complicated  by  the 

fact  that  wood  borers  commonly  attack  trees 

with  low  vigor.   If  timber  stand  improve- 
ment operations  leave  dead  and  dying  trees 

to  provide  cavities,  these  low-vigor  trees 
may  encourage  an  Insect  outbreak  if  other 
environment  factors  become  optimum  for  a 
certain  Insect  species. 

Only  limited  information  has  been 
published  on  the  influence  bird  populations 
have  on  insect  outbreaks  (Dowden  et  al. 
1953,  George  and  Mitchell  1948).   When 

looking  at  the  oak-hickory  ecosystem,  we 
are  observing  the  effects  of  a  long  sequenc* 

of  evolutionary  processes — the  result  is 
a  diverse  insect  population  and  a  diverse 
bird  population  in  a  changing  and  diverse 
plant  community.   Tree  species  that  appear 
to  be  insect  resistant  in  a  mixed  hardwood 

stand  often  become  vulnerable  In  a  mono- 
culture.  A  mixture  of  plant  and  animal 

species  and  age  diversity  adds  to  the 
stability  of  a  community. 

Similar  complexities  exist  when 
attempting  to  quantify  the  forest 

regeneration-rodent -owl  interrelations.  We 
can  state  a  generalization  that  owls  con- 

sume large  numbers  of  rodents,  and  rodents 
occasionally  cause  economic  loss  to  forest 

regeneration  attempts,  but  we  don't  have 
any  specifics.   We  found  no  Information  on 
what  limits  owl  populations.   If  owls  are 
limited  by  nest  sites  (cavities) ,  then  an 
Increase  in  abundance  of  cavities  (or  nest 
boxes)  could  increase  owl  populations, 
therefore  increase  predation  on  rodents. 
Much  research  remains  to  be  done  to  answer  ^ 
basic  predator-prey  questions.  | 

MANAGEMENT  IMPLICATIONS 

We  found  no  literature  that  reported 
the  results  of  studies  designed  specificall 

to  determine  the  impacts  of  silvlcultural  | 
practices  on  the  nesting  habitat  of  cavity- [ 

nesting  birds.  The  suggestions  for  manage- j 
ment  listed  here  are  derived  from  synthe-  i 
sizing  data  on  cavity-selection  behavior.  \ 
The  suggestions  have  not  been  tested  for    ( 
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leir  effect  or  potential  effect  on  pop- 
.ation  levels.   Much  research  is  needed 

ifore  adequate  and  tested  habitat  models 
in  be  designed. 

Timber  Stand  Improvement 

The  most  obvious  and  potentially  det- 
!.mental  impact  of  timber  stand  improve- 
>nt  (TSI)  is  the  removal  of  culls  and 
lags  from  the  forest  stand.   These  trees 
:e  important  for  providing  cavities, 
)tential  cavities,  and  future  cavities. 
1  the  National  Forests,  cutting  either  by 

>lling  or  shearing  has  essentially  re- 
,aced  herbicides  in  site  preparation.  As 
result,  few,  if  any,  stems  remain  standing 
I  become  roost,  perch,  or  den  trees  unless 
ley  are  intentionally  reserved  (Zeedyk 
id  Evans  1975) . 

Conner  et  at.    (1975)  studied  the  nest- 
ig  habitat  of  Downy,  Hairy,  and  Pileated 
(odpeckers,  and  Common  Flickers.  All  four 

lecies  benefit  by  leaving  dead  snags  and 
ees  with  heart  rot  standing  during  regen- 
ation  cuts  and  subsequent  thinnings. 

|e  ideal  practice  on  medium  sites,  where 
land  oaks  grow  12  to  17  m  in  50  years, 
uld  be  to  kill  unwanted  trees  with  a 

Ivicide  and  leave  them  standing.   On 
tter  sites,  where  upland  oaks  grow  more 

an  23  m  in  50  years,  natural  tree  mor- 
lity  provides  the  best  habitat  and  thin- 
ngs  may  conflict  with  woodpecker  manage- 
nt.   Leaving  uncut  filter  strips  along 
reams  and  roadsides  is  recommended 
onner  et  at.    1975) . 

Stand  development  in  upland  hardwoods 
a  dynamic  process.   The  first  10  to  15 

^ars  after  a  clearcut  are  referred  to  as 

te   "brush  stage"  when  there  can  be  as  many 
1  25,000  stems  per  ha.   By  age  20,  most 
3  the  nontimber  species  are  dead  or  are 
rlegated  to  a  subdominant  position  in 
te  stand  and  there  are  from  3,A00  to 

5200  trees  per  ha  present.   Without  thin- 
iing,  90  percent  of  these  trees  will  die 
iring  the  next  60  years  (Gingrich  1970) . 
lien  thinning  a  forest  stand,  subdominant, 

l»i7-vigor,  silviculturally  defective,  and 
ll^-quality  (economic)  trees  are  normally 
moved.   Therefore,  silvicultural  thinning 
cjld  potentially  reduce  the  value  of  the 

c'^^ity  nesters'  habitat  throughout  the 
frest  cycle  because  these  are  the  type 
0  tree  most  of  them  prefer  (Zeedyk  and 
Eans  1975)  .   Recent  research  (Shugart 

et  al.    1974,  Perkins  1974)  has  considered 
the  impact  of  silvicultural  practices  on 
nongame  bird  species.   However,  these 
studies  fail  to  discuss  the  availability 

or  potential  availability  of  cavities. 

Harvest  Alternatives 

Most  foresters  recommend  managing  the 

eastern  deciduous  forests  with  an  even-age 
silvicultural  plan.   The  creation  of  cull- 
free,  young,  fast-growing  timber  stands 
greatly  reduces  the  cavities  or  the  potential 
for  cavities  in  a  stand.   Several  options 
are  available  to  the  forester.   Clearcuts 

should  be  kept  small  and  planned  so  that 
each  management  unit  (compartment)  contains 

diverse  stand  age  classes.  Another  alter- 
native would  be  to  leave  10  or  12  cull 

trees  standing  per  hectare  of  regeneration 

cut.   These  trees  could  be  killed  by  her- 
bicide or  girdling  if  they  would  conflict 

or  compete  with  regeneration  goals.   Even 

when  all  culls  and  snags  are  felled,  regen- 
eration cuts  provide  several  years  of  good 

feeding  habitat  for  woodpeckers  (table  9) . 
These  birds,  except  for  Common  Flickers, 
rely  on  adjacent  areas  for  nesting  cavities 
(table  10).   Slash  should  not  be  diced, 
chopped,  or  burned  unless  it  is  absolutely 
necessary  to  accomplish  regeneration  goals. 
This  extra  site  preparation  effort  is  seldom 

Table  9. — Time  spent  by  woodpeckers  in  four 
habitat  types,   based  on  a  60 -hour 
sampling  period  (Conner  and  Crawford 1974) 

(In  percent) 

1-year- :  5-year- 12-year- Mature 
area Species  : 

old 
clearcut 

old 
:  clearcut 

old 

clearcut 
Downy 21 

1 4 

11 

Hairy 

31 5 1 6 
Pileated 1 7 3 10 
Flicker 2 30 1 0 
Total 

55 

43 9 27 

Table  10. — Average  vegetation  aharaater- 
istias  of  nesting  sites  of  four  species 
of  woodpeckers   (Conner  and  Adkisson 2976) 

Species 

Nests : Basal: 
:  area: 

Stem 
density 

Canopy: 

height:  
^^"^ 

No. m2/ha 
stems /ha m         years 

Downy  woodpecker 

17 

10.1 361.8 
16.3   63.6 

Hairy  woodpecker 

10 
17.2 

401.3 
17.8   91.2 

Pileated  woodpecker 15 
27.1 475.3 24.2  143.5 

Common  Flicker 11 1.5 49.3 
2.1   92.7 17 



required  in  the  oak-hickory  forest  if 
advanced  regeneration  is  present  (Connor 
and  Crawford  197A) . 

Rotation  age  has  a  major  influence  on 

many  of  the  cavity  nesting  bird  species. 

These  birds  generally  require  mature  forests 

for  at  least  part  of  their  life  cycle. 
Short  rotation  cycles  (pulpwood)  create 

young,  vigorous,  fast-growing  timber  stands 
with  very  few  natural  cavities  and  dead 

trees.   At  least  part  of  each  management 

unit  should  be  scheduled  for  a  long  rotation 

period — in  excess  of  100  years  throughout 
the  oak-hickory  type.   The  Pileated  and 
Red-bellied  Woodpeckers  are  two  examples 
of  birds  that  require  extensive  mature 

forest  stands.   Barred  Owls'  preferred 
habitat  is  an  oak  woods  that  has  many  dead 

or  dying  trees  and  that  is  relatively  free 
from  understory  brush.   These  conditions 
often  exist  in  over-mature  stands. 

Guidelines 

1.   The  literature  indicated  that  an 

abundance  of  snags  are  needed  in  each  tim- 
ber stand.   The  exact  number  needed  by 

cavity  nesters  will  vary  with  the  stand  con- 
dition, site  quality,  and  species  of  cavity 

nesters  present.   Snags  are  defined  as  com- 
pletely or  partially  dead  trees  still  stand- 

ing and  at  least  3  m  tall.   It  is  generally 
assumed  that  if  the  snag  requirements  are 

met  for  the  sound  wood  excavators  (wood- 
peckers) ,  they  are  also  met  for  the  secondary 

cavity  users.   Thomas  et  dl.    (1976)  deter- 
mined snag  requirements  to  be  approximately 

45  snags  per  pair  per  species.   Their  model 
further  subdivided  the  species  into  groups 
with  similar  requirements  for  snag  size 
(>6  in.  d.b.h.,  >10  in.  d.b.h.,  >12  in. 
d.b.h.,  and  >20  in.  d.b.h.).   Their  models 
were  developed  for  each  timber  type  in  the 
Blue  Mountains  of  Oregon  and  Washington  and 

further  assumed  that  when  the  snag  require- 
ments were  met  for  the  species  requiring 

the  most  snags  in  each  d.b.h.  class,  then 
it  satisfied  the  requirements  of  all  other 
species  v/ithin  that  d.b.h.  group,  and  that 
snags  present  in  the  larger  d.b.h.  classes 
could  be  substituted  for  requirements  in  the 
smaller  ones.   Their  model  (if  applied  to 
the  oak-hickory  forests)  indicates  that 
683  snags  per  40  ha  are  required  for  poten- 

tial maximum  population  of  6  species  of 
woodpeckers  nesting  in  the  oak-hickory 
vegetation  type.   These  numbors  are  highly 
speculative  for  the  oak-hickory  forests, 
as  we  do  not  have  information  on  Red-headed 

and  Red-bellied  Woodpeckers  (table  11)  and 
we  do  not  have  sufficient  information  to 

test  the  model  developed  in  the  Northwest 

against  oak-hickory  ecosystem  conditions. 

Although  the  number  of  snags  needed 
for  potential  maximum  populations  sounds 

high,  it  may  not  be  unreasonable.   An  un- 
managed  oak-hickory  stand  will  naturally 
progress  from  up  to  25,000  stems  per  ha 
in  the  brush  stage  after  clearcutting  to 
approximately  740  stems  per  ha  at  age  80 
(SI  =  60) .   This  indicates  that  a  large 
number  of  trees  die  throughout  the  develop- 

ment of  each  mature  timber  stand  and  each 

dead  and  dying  tree  is  normally  suitable 
for  cavities  for  several  years  before falling. 

2.   For  generalized  nongame-blrd  man- 
agement, the  land  manager  should  strive  to 

maintain  a  mixture  of  successional  stages 

and  forest  age  class  categories  in  different 
size  stands.   This  management  goal  is  in- 

corporated into  the  management  guidelines 
of  the  Mark  Twain  National  Forest  in 
Missouri  (USDA  Forest  Service  1973).   These 
guidelines  recommend  that  10  percent  of 
each  compartment  be  in  old  growth  and 

approximately  10  percent  in  permanent 
forage.   For  a  100-year  rotation  cycle  the 
remaining  80  percent  would  be  distributed 
as  follows:   40  percent  in  saw  logs,  30 

percent  in  pole  timber,  20  percent  in  sap- 
ling, and  10  percent  in  regenerated  stands 

(less  than  10  years  old).   This  guideline 
combined  with  a  program  of  leaving  snags 

and  potential  snags  (guideline  iW)   would 
also  benefit  the  cavity  nesting  species. 

3.   Because  some  cavity-nesting  species 
will  utilize  regeneration  areas  for  feeding 
and  60  to  75  percent  of  many  intensively 
managed  forests  are  too  young  to  provide 
adequate  natural  cavities  (especially  in  the 
larger  d.b.h.  classes),  Zeedyk  and  Evans 
(1975)  discussed  an  alternative  of  leaving 
a  0.1  ha  clump  of  trees  (approximately  75) 
within  each  2  ha  of  regeneration  cut.   This 
would  be  a  5  percent  tradeoff  in  growing 
space,  but,  depending  on  placement  may  not 
be  a  5  percent  loss  of  timber  production. 
These  small  clumps  of  older  trees  would 

provide  mini-old-growth  areas  throughout 
most  of  the  next  rotation  cycle.   This 
alternative  along  with  guideline  //2  and  a 
policy  of  leaving  snags  during  TSI  and 
harvest  operations  (when  possible)  should 
greatly  enhance  the  habitat  for  cavity 
nesters. 
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Table  11. — A  summary  of  nest  site  aharaatexn-stias  of  cavity  nesting  species 

Species '.    Body  '. .'weight  i 

Territory 

size 
:Max.  pairs 

Nest  site 

Comments :  Min. 

:d.b.h. 

:Height 

:  min. 

:Nest 

:type' 

gm 

M NO./40  ha 
cm 

m 
Turkey  vulture 1508 0 N 
Black  vulture 2008 0 N 
Am.  Kestrel 112 142 0.28 

30 
3 N Primarily  in  natural 

cavity  or  Flicker 
hole 

Saw-whet  owl 89.6 
40 

1 
30 

5 N 
Screech  owl 178 

30 
2 N Natural  cavities  in 

apple  trees,  poplars 
Barred  owl 808 

50 
9 N 

Barn  owl 505 50 5 N Often  nests  in  old 
buildings 

Pileated 

woodpecker 43.0 1 30 9 H 

Red-headed 
woodpecker 66 7 

HS 

Prefer  dead  trunk 

Red-bellied 
woodpecker 61.73 10 HS Prefer  dead  limb 

Common  flicker 134.3 16.0 2 
20 

2 H Will  nest  in 

clearcuts 

Hairy  woodpecker 43.57 3.0 
13 20 

3 H Prefers  live  trees 

Downy  woodpecker 27.2 3.0 
13 13 

1 HS Prefers  dead  trees 

Red-breasted 
nuthatch 9.9 

SN 

White-breasted 
nuthatch 20.7 0.8 50 

30 
5 

SN 

Carolina  wren 18.5 0.1 
400 N 

Bewick's  wren 
11.0 0.5 80 0 N 

House  wren 11.2 0.5 
80 

25 2 N 
Great  crested 

flycatcher 34.4 N 
Tree  swallow 19.5 

25 
5 N 

Purple  martin 
43 3.0 13 N Will  readily  utilize 

colonial  nest  house 

Black-capped 
chickadee 11.0 1.5 

27 
10 

2 SN 
Carolina 

chickadee 10.1 1.5 27 
10 

2 SN 
Tufted  titmouse 22.5 

.5 

N 
Eastern  bluebird 30.8 1.0 

40 
N Will  readily  utilize 

nest  box 

Prothonotary 
warbler 16.2 

1.5 
27 

13 

.6 

N One-half  natural 

cavity;  one-half 
Downy  Woodpecker 

lu  = 
Excavator  in  hard  snag;  S  =  Excavator  in  soft  snag;  N  =  Secondary  cavity  user, 
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PEATLAND  AND  WATER 

IN  THE  NORTHERN  LAKE  STATES 

Don  H.  Boelter,  Principal  Soil  Scientist 

and 

Elon  S.  Verry,  Forest  Hydrologist 
Grand  Rapids,  Minnesota 

Until  recent  years,  hydrologic  research  on  peatland  has 
een  Umited  in  North  America,  aUhough  some  intensive 
udies  have  been  done  in  northern  Europe  and  the 

oviet  Union.  North  American  hydrologists  have  gener- 
ly  ignored  peatland  in  favor  of  research  in  areas  of 
ater  scarcity  and  water  excess  (floods).  More  recently 
le  U.S.  Geological  Survey  has  completed  studies  on 
veral  large  watersheds  in  northern  Minnesota  that 
elude  extensive  peatlands. 

The  North  Central  Forest  Experiment  Station  began 

udying  peatland  evolution  in  the  late  50's.  and  in  I960 
5  watershed  research  program  was  expanded  to  include 
)il  and  hydrology  studies  on  peatland.  Much  research 

as  done  at  the  Marcell  Experimental  Forest  in  north- 
ntral   Minnesota,   while   organic  soil  data  have  been 

[thered  throughout  northern  Minnesota,  northern  Wis- 

nsin,  and  Michigan's  Upper  Peninsula.  These  studies 
iere  aimed  at  understanding  the  basic  hydrology  of 
atland,  the  characteristics  of  organic  soils,  and  the 
lemistry  of  streamflow  leaving  peatland. 

This  paper  summarizes  the  basic  principles  of  peatland 
ology,  and  describes  in  detail  just  what  peatlands  are 
id  how  they  developed.  The  term  peatland  is  generic 

id  includes  many  classes  of  peat-covered  terrain.  We 
ill  ose  terms  in  this  paper  that  are  accepted  worldwide; 
)wever,  peatland  terminology  varies  by  country.  For 
stance,  other  terms  for  peatland  include  mires  in 
;andinavia,  moors  in  Germany,  muskeg  in  Canada,  and, 
forested,  swamps  in  North  America. 

In  their  undisturbed  state,  peatlands  normally  accumu- 
te  organic  debris,  change  their  vegetation,  arid  con- 
mtly  grow  in  depth  and  breadth.  Growing  peatland  is 
ivays  associated  with  water.  Indeed,  water  is  required 
r  peatland  development.  Peatland  type  depends  on  the 
nd  and  amount  of  water  entering  the  peatland;  the 

kind  and  amount  of  peatland  in  the  immediate  drainage 
basin  can  change  the  chemistry  and  behavior  of  water 
flowing  from  the  basin.  The  northern  Lake  States 
contain  a  wide  variety  of  water  and  peat  types,  and  more 
than  6  million  ha  (15  million  acres)  of  peatland  occur  in 
many  sizes  and  locations.  The  large  expanses  of  Glacial 
Lake  Agassiz  peatland  in  northern  Minnesota  contain 

watershed  divides.  Peat-filled  kettle  depressions  in  glacial 
tills  or  sandy  outwash  plains  are  common  throughout 
the  northern  Lake  States;  they  may  occur  near  major 
watershed  divides  or  at  lower  elevations.  Streamside 

peatland  is  common  on  the  Laurentian  shield  in  north- 
eastern Minnesota  and  other  areas,  and  peatlands 

developed  on  old  Lake  Superior  sand  plains  are  common 
in  Upper  Michigan. 

To  understand  why  this  diversity  of  occurrence  exists, 
we  need  to  consider  the  landscape  before  peat  developed 
and  the  climate  and  processes  during  peat  development. 

Knowing  the  way  things  were  will  help  us  understand 
the  way  things  are. 

LANDSCAPE  DEVELOPMENT 

Any  discussion  of  peatland  development  in  the 
northern  Lake  States  (northern  parts  of  Minnesota, 
Wisconsin,  and  Michigan)  must  begin  with  glaciers.  The 
last  glacial  advance,  called  the  Wisconsin  age,  lasted 
about  25,000  years.  The  southern  part  of  the  northern 
Lake  States  area  was  probably  first  revealed  beneath  the 
melt  waters  of  the  retreating  Wisconsin  ice  sheet  about 
14,000  years  ago  in  what  is  now  central  Wisconsin.  Next, 
western  Minnesota  was  exposed  (about  1 1 ,000  years 

ago)  and,  finally,  Michigan's  Upper  Peninsula  was  ex- 
posed (9,000  to  10,000  years  ago). 



Wliile  these  glaciers  were  advancing  to  the  south,  they 

ground  down  the  landscape  and  deposited  a  relatively 
flat  ground  moraine.  After  the  ice  melted,  these  flat 

areas  provided  the  physical  base  for  slow  water  move- 
ment, a  general  requirement  for  peat  development.  At 

various  intervals,  melt  waters  of  retreating  glaciers 

deposited  flat,  sandy,  outwash  plains  that  again  provided 
a  physical  base  for  peat  development. 

Extensive  end  moraines  of  glacial  till  are  also  common 
in  the  northern  Lake  States.  Today,  as  in  the  past,  these 

hill  areas  provide  enclosed  basins  where  water  accumu- 
lates and  peat  can  grow. 

Some  areas  were  reworked  by  large  lakes  formed  by 
the  melt  waters  of  retreating  glaciers.  Long  sandy 
beaches  are  common  in  the  Glacial  Lake  Agassiz  region 
of  northern  Minnesota,  and  Glacial  Lake  Duluth 

deposited  extensive  sand  plains  well  inland  from  the 

southern  shore  of  today's  Lake  Superior.  Lake-deposited 
clays  and  silts,  lacustrine  deposits,  were  laid  down  in 
glacial  lakes  away  from  the  sorting  action  at  their 
shorelines. 

Finally,  scattered  throughout  all  of  these  land  forms 
there  are  ice  block  depressions  caused  by  large  blocks  of 
ice  breaking  off  the  edge  of  retreating  glaciers  leaving 
large  depressions  in  the  landscape  when  they  melted. 
Many  became  lakes  or  ponds  with  limited  outflow. 

Thus,  two  landscape  features  conducive  to  peat  devel- 
opment were  left  by  the  glaciers:  flat  topography  and 

small  ice-block  basins.  The  stratigraphy  of  glacial  drift  is 
often  complex  with  alternating  layers  of  till  and  sorted 

sands.  Ice-block  depressions  may  occur  in  either  tills  or 
sandy  outwash  plains.  So,  why  does  peat  develop  in 
some  areas  and  not  in  others?  To  answer  this  question 
we  need  to  look  at  climate  and  water  availability. 

CLIMATE 

Climate  is  the  key  to  plant  growth  and  decay,  thus  it 
largely  controls  the  formation  of  organic  soils.  Although 
peatlands  occur  worldwide,  they  are  most  extensive 

where  it  is  cool  and  precipitation  exceeds  evapotrans- 
piration. 

The  climate  of  the  northern  Lake  States  is  subhumid- 
continental.  Summers  are  short  and  warm;  winters  are 

long  and  cold.  Mean  annual  precipitation  ranges  from 
508  mm  (20  in)  in  northwestern  Minnesota  to  860  mm 

(34  in)  in  parts  of  Michigan's  Upper  Peninsula.  About 
two-thirds  of  the  precipitation  occurs  as  rain  during  the 
warm  season,  April  to  September.  Average  January 

temperatures  range  from  -IT^C  (2''F)  in  Minnesota  to 
-lO^C  (16°F)  in  Michigan.  Average  July  temperatures 
are  about  20''C  (67° F)  in  all  three  Lake  States. 

Clearly,  this  is  a  suitable  climate  for  peat,  but 
conducive  climate  and  landforms  are  not  enough  for 
peat  to  develop. 

WATER  AVAILABILITY  AND 

PEATLAND  DEVELOPMENT 

Peat  development  requires  an  abundant  supply  of 

water  for  most  of  the  year.  Conducive  climate,  land- 
forms,  and  available  water  must  have  been  present  in  the 
northern  Lake  States  1 1,000  years  ago  when,  according 

to  carbon- 14  dates,  the  first  aquatic  peats  began  to  form. 
These  peats  developed  in  kettles  or  ice-block  depressions 
where  the  water  source  was  either  surface  flow  and 

interflow  from  surrounding  tills  or  ground  water  sup- 
plied through  sand  aquifers.  Water  is  available  in  tills 

because  it  collects  in  relatively  impermeable  till  basins;  it 
is  available  in  sand  basins  because  the  water  table  is  at  or 
near  the  soil  surface. 

Aquatic  peats  in  depressions  were  often  covered  by 
cattail,  reed,  and  sedge  peats  that  first  developed  on 
adjacent  flat  areas.  The  water  supplied  by  surface  flow 
and  interflow  was  detained  by  the  flat  topography  and, 

in  time,  by  the  peat  itself,  which  tended  to  block 

drainage  water,  thus  slowly  raising  the  water  table  over 
long  periods  of  time.  Sedge  peats  began  to  accumulate 

about  8,000  years  ago  and  are  common  today  through- 
out the  northern  Lake  States.  Forested  peats  also  began 

to  develop  about  8,000  years  ago  but  they  were  limited 

at  first  to  areas  where  calcium-enriched  ground  water 
was  available.  These  sites  occur  around  the  edges  of  old 

glacial  lake  beds,  on  low  "ridges"  within  the  lake  bed 
where  ground  water  was  forced  to  the  surface  by 

underlying  bedrock  ridges,  and  on  sandy  outwash  areas 
with  a  high  water  table.  In  northwestern  Minnesota, 

however,  it  appears  that  extensive  forest  peat  develop- 
ment began  4,000  to  5,000  years  ago  after  the  warm 

Hipsithermal  period.  Again,  the  water  table,  usually  a 
regional  water  table,  rose  as  peats  developed  and  blocked 
or  slowed  natural  drainage. 



About  3,000  years  ago  another  type  of  peat  (Sphag- 
im)  began  to  accumulate  as  the  developing  peat 
jcame  more  isolated  from  the  ground  water  influence. 
Dhagnum  peat  is  acid  and  normally  not  strongly 
fluenced  by  ground  water.  Instead  Sphagnum  tends  to 
olate  itself  from  ground  water  by  building  extensive 
it  low  topographic  domes  or  extensive  blankets  of 
;at.  In  these  areas  the  primary  source  of  water  is  rain 
id  snow.  Rainfall  in  excess  of  evapotranspiration  is 
;cessary.  Only  under  these  conditions  is  there  enougli 
irface  water  to  maintain  a  slightly  raised  water  table 
ithin  the  peat  mass  isolated  from  the  regional  ground 
ater  system.  Today,  exceptions  to  this  occur  in 

sat-filled  ice-block  depressions  in  sandy  outwash  plains 
here  peat  deposits  have  not  built  high  enough  to 
tally  isolate  surface  water  from  ground  water  inflow, 
re  the  high  calcium  bicarbonate  concentrations  in  the 
coming  ground  water  maintain  peat  and  water  pH  near 
utral  except  for  acid  Sphagnum  hummocks  elevated  as 
uch  as  50  cm  above  the  fen  surface. 

Peat  development  over  the  last  1 1 ,000  years  has  been 
mplex,  but  some  generalizations  will  help  us  to 
derstand  peatland  characteristics  and  various  concepts 
peatland  and  water  management.  The  trend  in  peat 
velopment  is  from  aquatic,  sedge,  and  forest  peat  to 
hagnum  peats.  The  sedge  peat  and  the  peat  developed 

der  the  more  productive  forests  are  generally  associ- 
bd  with  a  ground  water  source  containing  higli  calcium 

pcentrations.  Sphagnum  peats,  including  those  sup- 
rting  the  poorer  forests,  are  associated  with  a  rain  and 
3W  source  of  water  that  is  low  in  calcium. 

^ow  that  we  understand  the  general  evolution  of 

itland,  we  need  to  look  at  the  interaction  of  land- 
ms  (physiography),  vegetation,  and  kinds  (source  and 

ality)  of  water  in  order  to  understand  today's  peat- 
ds  and  the  special  names  given  to  them. 

INTERACTIONS  OF  WATER, 
VEGETATION,  AND  LAND 

he  kind  of  water  in  a  peatland  can  determine  the 

'<\d  of  vegetation  present;  conversely,  over  long  periods, 
tl  kind  of  vegetation  in  a  peatland  can  change  the  kind 
D  water  present.  Once  we  integrate  this  seeming 
:(i[tradiction  into  our  concepts  of  peatland  evolution 
*!  will  have  a  sound  understanding  of  the  way  peatlands 
^uv. 

Water  is  generally  supplied  from  three  sources:  precipi- 
tation (rain  and  snow),  ground  water  (regional  sand  and 

gravel  aquifers),  and  surface  flow  and  interflow  (literal 
surface  flow  over  bedrock  and  exposed  soils  or  flow 

through  surface  organic  horizons  of  mineral  soils,  and 
intertlow  horizontally  througli  the  A  or  A&B  horizons 
of  mineral  soils).  Calcium  content  is  an  important 
characteristic  of  water  source.  The  three  water  sources 

typically  contain  different  amounts  of  calcium:  precipi- 

tation (0.3  to  2.0  ppm  Ca'),  surface  flow  and  interflow 
(2.0  to  10.0  ppm  Ca),  and  ground  water  (>  10  ppm  Ca; 
20,  30,  or  greater  ppm  are  not  uncommon).  These  ranges 
have  been  verified  in  northern  Minnesota,  but  not  in 

northern  Wisconsin  and  Michigan.  Calcium  is  important 
because  it  commonly  combines  with  carbonic  acid 

(H2C03)  from  rain  to  form  calcium  bicarbonate 
(Ca(HC03)2)  and  this  dissociates  in  water  to  yield 

bicarbonate  ions  (HCO3  ~).  Bicarbonate  ions  are  respon- 
sible for  most  buffering  systems  in  natural  waters  and 

yield  pH  values  around  6  to  8.  Environments  with  near 
neutral  pH  values  contain  more  plant  available  nutrients 
and  a  greater  diversity  of  decomposing  organisms. 

We  can  also  infer  something  about  the  relative 
amounts  of  water  from  these  sources.  Precipitation 
occurs  fairly  regularly,  but  its  conversion  to  surface 
water  is  seasonal.  In  the  northern  Lake  States,  the 

snowpack  and  some  rainfall  are  converted  to  streamflow 
or  ground  water  recharge  during  3  or  4  weeks  in  the 
spring.  Most  of  the  summer  rainfall  is  converted  to  water 
vapor  by  evapotranspiration.  Surface  flow  and  interflow 
follow  patterns  similar  to  precipitation  with  most 
conversions  to  streamflow  resulting  from  snowmelt  or 
very  heavy  rains.  Ground  water  sources,  on  the  other 
hand,  are  huge  compared  to  other  water  sources,  and 
their  annual  distribution  is  more  nearly  uniform. 

Water  source  is  the  basis  for  two  broad  categories  of 

peatland:  Ombrotrophic  and  Minerotrophic.  These  two 

categories  cover  the  range  of  peatland  types.  Ombro- 
trophic peatlands  are  defined  on  the  lower  end  of  a  total 

ionic  concentration  scale;  minerotrophic  peatlands  cover 
the  rest  of  the  scale.  There  are  corrollary  names  for  the 

same  categories  based  on  vegetation;  these  terms  are 

much  simpler:  Bog  and  Fen.  We'll  try  to  sort  out  the 
differences  and  set  a  foundation  for  understanding 

peatlands  today. 

'  Calcium  concentrations  in  precipitation  may  range 
as  high  as  10  ppm  in  northwestern  Minnesota  where 

wind-blown  dust  originating  in  the  prairies  can  cause 
slightly  higher  pH  values  in  peatland. 



Ombrotrophic  means  the  peatland  derives  its  water 

from  ion-poor  precipitation  and,  as  a  consequence,  is 
itself  ion-poor.  It  is  inferred  that  the  scarce  ion  is 
calcium  (bicarbonate);  therefore  the  site  is  usually  very 
acidic  with  water  pH  values  near  3.6.  The  characteristic 

plant  of  a  BOG  is  sphagnum  moss.  Sphagnum  also  plays 
a  major  role  in  keeping  the  environment  acid  because  of 
its  higli  cation  exchange  capacity  and  the  production  of 
organic  acids.  The  water  table  in  a  bog  is  often  close  to 
the  surface,  but  usually  there  is  little  standing  water 
(except  during  snowmelt  or  in  open  ponds).  A  raised  bog 

is  a  large  ombrotrophic,  sphagnum  bog  with  a  character- 
istic dome  shape.  The  dome  is  built  of  sphagnum  and 

commonly  occurs  on  top  of  sedge  or  forest  (woody) 
peat.  The  central  raised  area  is  isolated  from  the  regional 
water  table  and  thus  depends  on  precipitation  for  water 
and  minerals.  These  peatland  types  may  or  may  not  be 
forested. 

Minerotrophic  means  the  peatland  derives  the  major 

part  of  its  water  from  ion-rich  ground  water  and,  as  a 
consequence,  is  itself  ion-rich.  It  is  inferred  that  the  ion 
in  rich  or  large  supply  is  calcium  (bicarbonate);  therefore 
the  site  is  not  very  acid  with  water  pH  values  around  6 
to  7.5.  Fen  is  a  European  term  originally  applied  to 
grass,  sedge  or  reed  covered  peatland.  True  fen  waters 
are  not  acid  and  may  even  be  sliglitly  alkaline,  but  can 
grade  into  poor  fens  with  water  pH  values  near  4.5.  Fens 
are  generally  saturated  with  slowly  moving  water  or  they 
may  have  temporary  or  semipermanent  water  above  the 
soil  surface.  Today  the  term  fen  is  also  extended  to 
minerotrophic  peatlands  with  a  forest  cover;  the  more 
productive  forest  sites  occur  where  mineral  and  water 
conditions  are  most  favorable.  Typically,  fens  have  a 
greater  diversity  of  plant  species  than  bogs.  Also,  organic 
matter  in  the  peat  is  more  decomposed  than  in  bogs 
because  of  a  more  favorable  nutrient  and  water  environ- 

ment for  decomposer  organisms. 

Water  and  vegetation  interact  to  impart  distinctive 
characteristics  to  each  peatland  area.  Physiography  is 

also  an  integral  part  of  these  interactions.  The  physio- 
graphy of  underlying  or  surrounding  materials  can  be 

broadly  thouglit  of  as  flat  areas  or  depressions.  Flat  areas 

are  the  old  glacial  lake  beds  or  glacial  outwash.  De- 
pressions are  ice-block  depressions,  scoured  areas  in 

bedrock,  or  simply  basins  formed  by  irregular  deposition 
of  ground  and  end  moraines.  Peatland  names  associated 

with  these  land  forms  are:  lake-filled  and  built-up 
peatlands. 

Lake-filled  peatlands  have  a  basin  type  of  physio- 
graphy. They  may  either  be  ombrotrophic  or  minero- 

trophic, and  typically  have  an  aquatic-sedge-woodyj 
sphagnum  peat  profile  (bottom  to  top),  which  reflect 

their  former  lake  or  pond  status.  Ombrotrophic,  lake' 
filled  peatlands  have  developed  in  basins  that  are 
separated  from  the  regional  ground  water  system  by  very 
slowly  permeable  peat  or  lacustrine  deposits.  They  have 
also  been  called  perched  bogs  because  their  water  table  is 

perched  above  the  regional  water  table.  There  may  be  an 
unsaturated  zone  between  the  bog  bottom  and  the 

regional  water  table,  or  the  bog  basin  may  be  nestled  in 
the  regional  aquifer,  but  there  is  essentially  no  mixing  of 

their  waters.  Water  tables  in  minerotrophic,  lake-filled 
peatlands  are  simply  an  exposure  of  the  regional  water 
table,  although  it  may  be  slightly  higher  in  the  peatland 
due  to  a  damming  effect  of  the  basin  peat.  These 
peatlands  have  also  been  called  ground  water  fens 
because  of  their  water  source. 

Built-up  peatlands  develop  on  fiat  areas  where  peal 
literally  develops  vertically  because  the  water  table  risei 
as  the  peat  accumulates.  These  peatlands  commonly 

develop  on  old  glacial  lake  plains.  In  addition  to  building 

up,  they  also  spread  horizontally. 

I 
Peatland  terms  can  be  confusing  if  they  are  not 

thought  of  in  the  context  of  water  source,  physiography, 

vegetation,  and  stage  of  development.  Illustrations  of 
several  terms  are  given  in  figure  1.  Obviously,  various 
intergrades  or  transitions  between  peatland  type  occur, 
and  our  review  is  not  exhaustive.  However,  the  types 

we've  discussed  and  the  terms  used  should  be  compatible 
with  recent  wetland  classification  schemes  for  the 

United  States.  Now  we  can  take  a  close  look  at  peatland 

vegetation,  soil,  and  water. 

PEATLAND  VEGETATION 

No  peatland  feature  has  been  studied  as  extensively  as 

vegetation.  Species  occurrence  has  been  related  to 
topography,  water  movement,  water  chemistry,  and 
peatland  evolution.  Minerotrophic  sites  have  a  larger 
species  diversity  than  ombrotrophic  sites  (table  1).  Many 
species  that  occur  on  ombrotrophic  sites  also  occur  on 
minerotrophic  sites. 

Fen  vegetation  does  not  include  trees  if  there  is  a  deep 
and  strong  waterfiow  such  as  occurs  in  water  tracks  on 
large  peatlands.  Where  water  tables  are  not  totally  above 

the  surface,  there  is  sufficient  aeration  for  tree  establish- 
ment. Northern  white-cedar  on  organic  soils  indicates  a 

forested  fen.  The  most  productive  tree  growth  usually 
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Figure  1.  —  (A)  Peat  accumulation  over  10,000  years  in  a  built-up  peatland.  Peat 
description  based  on  plant  remains  (modified  from  Heinselman  1963,  1970).  (B)Peat 

accumulation  in  two  lake-filled  peatlands.  Peat  description  based  on  degrees  of 
decomposition  (modified  from  Bay  1 96  7). 

iccurs  where  slopes  are  greatest  (>  8  ft/mi)  and  thus 
:nsure  a  balance  between  nutrient  supply  and  aeration 
[avorable  for  growth. 

Similarly,  on  ombrotrophic  sites,  black  spruce  forests 
,0  best  where  the  gradient  is  higtiest  (>  8  ft/mi).  The 
radient  results  in  slightly  lower  water  tables,  thus  better 

eration.  Black  spruce  feather  moss  forests  are  character- 
itic  of  these  sites. ^ 

As  seen  from  the  air,  large  peatlands  show  various 
atterns:  strips  of  vegetation  radiating  from  the  centers 
f  sphagnum  domes;  patterned  fen  with  a  concave  cross 
jction  that  is  a  broad,  shallow  drainage  channel  marked 
y  narrow  ridges  at  riglit  angles  to  the  slope;  teardrop 

^In  the  forestry  profession,  and  in  local  usage  in  the 
Northern  Lake  States,  forested  peatlands  are  often 

fferred  to  as  conifer  swamps.  Black  spruce  oc-curs  on 
oth  bogs  and  fens,  but  prescribed  timber  management 

•.ptions  depend  on  the  type  of  peatland.  Bogs  are 
eferred  to  as  nonbrushy  sites  and  fens  are  referred  to  as 
rushy  sites. 

shaped  forested  islands  that  appear  to  swim  upstream  in 
a  sea  of  patterned  fen;  and  water  tracks,  forested  or 
nearly  treeless  fens,  that  carry  the  main  water  flow  from 
the  peatland  (fig.  2).  These  patterns  seem  complex,  but 
they  are  only  reflecting  small  changes  in  topography, 
water  movement,  and  water  chemistry.  A  thorougli 
treatment  of  peatland  vegetation  is  cited  at  the  end  of 
this  paper. 

PEATLAND  SOILS 

Organic  Soil  Types 

Peats  or  organic  soils  develop  through  the  deposition 
and  accumulation  of  organic  materials  in  layers.  The 
sequence  and  the  thickness  of  layers  vary  depending  on 
the  landscape  development  process  discussed  earlier. 

Knowledge  of  peatland  development  is  therefore  essen- 
tial for  interpreting  organic  soil  characteristics  and  in 

turn  knowledge  of  organic  soil  characteristics  is  neces- 
sary for  interpreting  peatland  hydrology. 



Table  1 .  —  Typical  peatland  vegetation 

Genus  species       : Common  name : 

Type  of  site' Trees 

Fraxinus  nigra black  ash M 

Be  tula  papyrifera white  birch M 

Abies  baZsamifera balsam  fir M 

Thuja  ooaidentalis northern  white-cedar M 
Larix  lariaina eastern  larch A (most  frequent  on M 

sites) 

Pioea  mariana black  spruce A (most  frequent  on 0 

sites) 

Tall  shrubs 

Alnus  rugosa speckled  alder M 

Cormus  stolonifera red-osier  dogwood M 
Salix   spp. willow M 

Betula  pwnila swamp  birch M 

Low  shrubs 

Galtheria  hispidula creeping  snowberry A 

Andromeda  glauaophylla bog-rosemary A (most  frequent  on M 

sites) 

Vaaainiim  oxyaoaaos small  cranberry A 
Vaacinium  vitis-idea 

cowberry 
A 

V.   Angus ti folium low-bush  blueberry A 

Ledum  groenlandiaim Labrador-tea A (most  frequent  on 0 

sites) 

Chamaedaphne  oalyoulata leather  leaf A (most  frequent  on 0 
sites) 

Kalmia  polifolia 
bog  laurel 

A (most  frequent  on 0 

sites) 

Herbs 
Cornus  canadensis bunch  berry M 

Eubus  pubesoens dwarf  raspberry M 
Iris  versicolor Blue  iris M 

PotentilZa  palustris marsh  cinquefoil M 

Menyanthes   trifoliala 
bogbean 

A 
Smilaaina  trifoliata 

false  Solomon's  Seal 
A 

Sarraaenia  purpurea 
pitcher-plant 

A 

Grasses  and  sedges 
Calam.agrostis  canadensis blue  joint M 

Carex   spp.^ 

sedge 
A 

Phragmites  communis reed M 
Eriophorum   spp. cotton  grass A 

Mosses 

Sphagnum  magellanicum sphagnum  moss 
A 

S.    fusaum sphagnum  moss 
A (more  frequent  on 0 

sites) 

S.    spp. 
sphagnum  moss 

A 
Polytrichum.   spp. hair-cap  moss A (more  frequent  on 0 

sites) 

Hylocomium fern  moss 0 (more  frequent  on 

well     1 

drained  sites) 

Hypmun  cristata-castrensis feather  moss 0 " 
Dicranum   spp. broom  moss 0 " 
Pleurozium  saherberi Scherbers  moss A (more  frequent  on 0 

sites) 

J 

M  =  minerotrophic  sites;  0  =  ombrotrophic  sites;  A  =  almost  all  sites. 
Fine-leaved  sedges  are  more  common  on  ombrotrophic  sites  and  broad-leaved 

sedges  are  more  common  on  minerotrophic  sites. 

Peat  materials  and  organic  soils  have  been  classified  on 
the  basis  of  plant  origin,  hence  the  names  aquatic,  sedge, 
woody,  herbaceous,  and  sphagnum  peats  are  common  in 
the  literature.  More  recently  organic  soils  have  been 

classified  by  degree  of  decomposition  -the  microbial 
breakdown  of  organic  tissues  into  water,  minerals,  and 

gases.  Carbohydrates  and  lignins  are  the  major  com- 
ponents of  organic  tissues.  Carbohydrates  (mainly  cellu- 

lose and  hemicellulose)  decompose  easily,  but  lignins, 
high  in  carbon  content,  resist  decomposition.  Indices  of 
the  degree  of  decomposition  include  ash  content,  humus 

content,  color  of  peat  or  of  water  squeezed  IVom  peat, 
bulk  density,  and  fiber  content. 

Fiber  content  is  now  used  to  classify  organic  soils 
(Histosols)  in  the  United  States.  It  does  not  depend  on 

identifying  plant  remains,  and  it  is  well  correlated  with 
various  physical  characteristics  such  as  trafficability, 

water  content,  water  tension,  water  movement  (hy- 

draulic conductivity),  and  water  yield  coefficient  (speci- fic yield). 



Fiber  content  is  the  portion  of  total  peat  material 
insisting  of  fibers,  fragments,  or  pieces  of  plant  tissue 
eater  than  0.15  mm  in  size.  In  moderately  decomposed 
;at  materials,  fibers  are  decomposed  and  easily  broken 
)wn  with  handling.  Therefore,  both  resistant  (rubbed) 

id  total  (unrubbed)  fibers  are  measured.^  Three  classes 
ive  been  defined:  fibric  peats  are  the  least  decomposed 
th  a  rubbed  fiber  content  greater  than  40  percent 
nrubbed  fiber  content  greater  than  67  percent);  sapric 
jats  are  the  most  decomposed  with  less  than  17  percent 
bbed  fiber  content  (less  than  33  percent  unrubbed 
jer  content);  hemic  peats  are  intermediate. 

The  organic  soil  profile  shown  (fig.  3)  illustrates  the 
ling  of  a  lake  with  silt  and  clay  followed  by  a  marsh 

ivelopment  characterized  by  reed  and  sedge  remains. 
30ve  these  layers  is  a  distinct  sapric  horizon  of  well 
composed  peat  that  may  have  resulted  from  a  lower 

^ Fiber  content  is  measured  by  collecting  the  fibers  on 
100-mesh  sieve  using  a  gentle  stream  of  water  to  wash 
way  particles  smaller  than  0.15  mm.  Rubbed  fiber 
ontent  is  measured  by  first  rubbing  the  peat  material 
etween  the  thumb  and  forefinger. 

Figure  2.  —  Vegetation  patterns  on  large  peatlands.  (A) 
Radiating  pattern  of  a  sphagnum  dome.  (B)  Patterned 
fen  forming  a  water  track  between  two  large  black 
spruce  islands.  (C)  Teardrop  shaped  forest  islands  in  a 

patterned  fen. 

water  table,  better  aeration,  and  thus  better  decomposi- 
tion. Sphagnum  with  woody  inclusions  characterizes  the 

topmost  horizon.  The  profile  becomes  less  acid  with 
depth,  reflecting  the  lack  of  acidifying  Sphagnum  and 
pH  levels  of  surface  flow  and  interflow  waters  present 
today  and  presumably  present  at  the  time  of  deposition. 
Bulk  density  increases  with  depth  because  of  the 
accumulated  weight  of  overlying  organic  deposits.  Fiber 
content  usually  decreases  with  depth,  reflecting  a  greater 
degree  of  decomposition.  However,  fiber  content  does 
not  always  follow  this  pattern  because  woody  horizons 
have  higli  fiber  content  due  to  the  slow  decomposition 

of  lignins,  and,  at  lower  depths,  mineral  inclusions 
strongly  bias  fiber  content  and  other  determinations. 

Organic  Soil  Physical  Properties 

The  physical,  and  consequently,  hydrologic  character- 
istics of  peat  materials  are  closely  related  to  the  degree 

of  decomposition  (table  2).  Water  freely  drains  from 
saturated  fibric  peats  and  a  great  deal  more  can  easily  be 
squeezed  from  them  than  from  partially  decomposed 



Horizon   = 
label  4   = 

depth   ■ 

Horizon             \ 

description           ' 

Fiber     \ 

content    ] 

Bulk density 
Soil  pH 

in  HjO 

cm 

percent 

g/cm^ 

A 0  to  15 Fibric  peat — Undecomposed 
sphagnum  moss  and  leaves  of 
heath  shrubs. 

90  to  98 0 015  to  0.028 

4.2 

B 15  to  30 Fibric  peat — Relatively 
undecomposed  sphagnum  moss 
and  roots  of  heath  shrubs. 

70  to  80 0 050  to  0.075 

4.2 

C 30  to  45 Hemic  peat — Moderately  to  well 
decomposed  sphagnum  moss  with 
wood  inclusions. 

40  to  45 0 08  to  0.19 4.4 

D  45  to  60    Sapric  peat — Well  decomposed 

aggregated  peat  with  no 
recognizeable  plant  remains. 

E  50  to  100   Hemic  peat — Moderately 
decomposed  herbaceous  peat 
from  reeds  and  sedges. 

100  to  200    Hemic  peat — Moderately 
decomposed  sedge  peat. 

200  to  225    Sapric  peat — Well  decomposed 
aquatic  peat  mixed  with 
considerable  sand. 

225+  Lacustrine  silt  and  clay 

15  to  30      0.21  to  0.26 

40  to  55      0.12  to  0.17 

(very  dense) 

Figure  3.  —  An  organic  soil  profile  from  a  lake-filled  perched  bog. 

5.4 

5.3 

5.4 

Table  2.  —  Range  of  important  physical  characteristics 
of  fibric,  hemic,  and  sapric  peats  from  northern  Lake 
States  peatlands 

Degree  of 
Decomposition 

Total   :  Specific 

Porosity  :   Yield 
-  Percent  volume  - 

84 

Hydraulic   :   Bulk 
Conductivity  :  Density 

10"'  cm/sea         g/or. ' 

Fibric 

Hemic 

Sapric 

90 

>  45 
>  150 

90 
10  -  45 1.2  -  150 

84 

<  10 
<  1.2 

.09 

.09 

.20 

.20 

peats  (fig.  4).  A  hole  excavated  in  fibric  peat  materials 
will  usually  fill  with  water  to  the  water  table  elevation  in 
the  peatland  in  a  matter  of  minutes. 

Partially  or  well  decomposed  (hemic  or  sapric)  peat  in 
deeper  horizons  reacts  differently.  Little  water  can  be 
drained  from  a  sample  of  these  peats  and  little  can  be 
squeezed  from  it  even  though  it  is  saturated.  If  a  hole  is 
excavated  in  this  material  and  water  is  excluded  from 

surface  fibric  layers,  it  may  be  weeks  before  the  water  in 
the  hole  reaches  the  peatland  water  table  elevafion. 

All  peat  types,  regardless  of  plant  source  or  degree  of 
decomposition,  contain  more  than  80  percent  water  by 

volume  when  saturated,  indicating  a  higli  total  porosity? 

The  nature  of  this  porosity,  however,  is  different.  The 

undecomposed  (fibric)  peats  contain  large,  easily  drained 

pores  that  permit  rapid  water  movement.  These  peats 

release  50  to  80  percent  of  their  water  to  drainage  and 

have  hydraulic  conductivities  as  high  as  4.0  x  10'^ 
cm/sec  (120  feet  per  day).  Well  decomposed  (sapric) 

peats  yield  only  10  to  15  percent  of  their  water  to 

drainage.  Most  of  the  water  is  retained  in  many  small 

pores  that  are  not  easily  drained.  Hydraulic  conductivi- 

ties of  these  peats  are  as  low  as  7.0  x  lO'**  cm/sec  (0.02 foot  per  day). 

I 



igure  A.  —  A  large  amount  of  water  drains  from  the 
imdecomposed  sphagnum  moss  peat  on  the  left;  very 
little  water  runs  from  the  partially  decomposed  peat 
on  the  right.  Both  were  saturated. 

The  degree  of  decomposition,  as  measured  by  fiber 
ontent  and  bulk  density,  is  well  correlated  with  water 

snsion  (tenacity  with  which  water  is  held  in  soil  pores), 
nd  thus  with  water  content  and  hydraulic  conductivity, 

"he  relations  between  these  measurements  (fig.  5,  table 
)  can  help  predict  the  success  of  peatland  drainage.  The 
ase  of  drainage  can  be  seen  by  looking  at  the  difference 
etween  the  saturated  and  0.1  bar  lines  because  this 

ifference  defines  the  water  that  easily  drains  from  a  soil 
nder  the  force  of  gravity.  The  decrease  in  water  content 
I  large  for  fibric  peats  and  much  less  for  sapric  peats. 

Similarly,  the  rate  of  water  movement  (usually  hori- 
ontal)  througli  saturated  organic  soils  is  well  correlated 
b  degree  of  decomposition  as  measured  by  fiber  content 
nd  bulk  density.  The  rate  of  saturated  water  movement 

iirough  fibric  peats  is  a  thousand  times  faster  than  the 
ite  of  saturated  water  movement  through  sapric  peats 
ng.  6). 
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Figure  5.  -  Tlie  relation  of  water  content  at  saturation, 
5  mbar,  0.1  bar,  and  15  bar  suctions  to  unnibbed 

fiber  content  {>  0.1  mm)  and  bulk  density  (Boelter 1969). 

Table  3.  -  Cun'ilinear  regression  equations  and  co- 

efficients of  multiple  determination  (R^ )  for  the 
relation  of  water  content  (Y)  at  saturation,  5  mbar, 
0.1  bar,  and  15  bar  suctions  to  fiber  content  (>  0.1 

mm)  and  bulk  density ' 
Independent      : 

variable    (X)       : Regression  equation                   '_      R 

Saturation 

Fiber   content 

Y   = 

8A.23   -    .0279X  +   .00185X^ 
68 

Bulk  density 

Y   = 

99.00   -    123. A5X  +  252. 92X^ 

68 

5.0  mbar 

Fiber    content 

Y   = 

52. A5   +    1.5619X   -    .01728X^ 

69 

Bulk    density 

Y   = 

39.67   +  638. 29X   -   2,010.89X^ 

70 

0.1    Bar 
Fiber    content 

Y   = 

67.91   +    .4136X   -    .01064X^ 
80 

Bulk    density 

Y   = 

2.06   +   719. 35X   -   1,809.68X^ 

88 

15.0   Bar 

Fiber   content 

Y   = 

29.34   -    .3420X  +    .00072X^ 

73 

Bulk  density 

Y   = 

1.57   +  115. 28X   -   107. 77X^ 

82 

'Boelter    (1969). 
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Figure  6.  —  ne  relation  of  hydraulic  conductivity  (Y) 
to  unrubbed  fiber  content  (Xi )  (>  0.1  mm)  and  bulk 
density  (X2)(Boelter  1969). 

PEATLAND  AND  WATER 

Peatlands  and  water  have  held  a  rather  mysterious 

place  in  the  folklore  of  many  peoples.  The  popular 
conception  of  peatlands  sees  them  as  huge  natural 
sponges  that  soak  up  spring  snowmelt  and  gradually 
release  it  to  streamflow  throughout  the  dry  summer 

months.  This  is  certainly  an  over-simplification  at  best 
and  can  lead  to  misunderstanding  of  a  complex  natural 

system. 

Certainly  anyone  who  has  walked  on  a  peatland  will 

agree  that  the  surface  is  "spongy",  but  the  effect  on 
streamflow  does  not  automatically  follow.  A  sponge 
must  be  squeezed  to  get  much  water  out  of  it  and  there 
is  no  way  of  squeezing  peatland.  True,  some  water  can 
be  drained  from  peatland  the  same  way  that  water  will 
seep  out  of  a  completely  saturated  sponge  for  a  short 
time.  Also,  water  will  flow  through  a  saturated  sponge  in 
large  amounts  if  there  is  a  continuous  supply,  such  as  a 
faucet    dripping    on    top.    Similarily    water    will    flow 

horizontally  through  a  saturated  peatland.  However,  a 
saturated  sponge  without  a  continuous  supply  of  water 

will  quickly  dry  out  by  evaporation  and  little  water  will 
How  from  it;  such  is  also  the  case  with  ombrotrophic 

peatlands  during  summer.  The  processes  that  affect 
sponges  also  affect  natural  peatland,  but  their  net  effect 
on  natural  streamflow  does  not  follow  the  popular 

conception. 

Hydro-Geologic  Settings 

Perhaps  the  major  reason  for  conflicting  hydrologic  ! 
values  attributed  to  peatland  is  failure  to  appreciate  .the 

influence  of  water  source  and  physiography.  Lake-filled 
peatlands  may  or  may  not  be  part  of  the  regional  water 
system  (fig.  1).  Those  that  are  not  are  either  perched 
above  the  regional  water  table  or  sealed  off  from  any 

significant  influence  of  ground  water.  These  perched 
bogs  receive  water  from  precipitation,  surface  fiow,  and 
interflow.  Thus  their  streamflow  depends  on  snowmelt 
and  rain  frequency  and  the  balance  of  precipitation  and 

evapotranspiration.  Lake-filled  basins  that  are  part  of  the 
regional  water  system  receive  the  same  water  inputs  as 
perched  bogs,  but  they  also  receive  much  larger  amounts 
of  ground  water,  thus  their  streamflow  mostly  depends 
on  the  transmissibility  and  storage  of  water  in  regional 

aquifers  that  discharge  to  the  fen  surface.  Ground  water 

will  enter  the  fen  surface  at  the  "uphill"  edges  because 
the  basin  peat  acts  like  a  dam  in  the  regional  water 

system;  or  it  will  enter  the  fen  through  "vertical 
windows"  (amorphous  channels)  from  the  sand  aquifer 
to  the  peat  surface  (fig.  7).  These  windows  are  conspicu- 

ous in  mild  winters  when  they  do  not  freeze  over  like 
the  rest  of  the  fen.  They  are,  in  effect,  artesian  wells.      S 

Built-up  peatlands  on  large  glacial  lake  beds  or 
outwash  plains  have  similar  water  sources,  but  with 

significant  variations.  The  raised  bogs,  with  their  charac- 
teristic convex  domes,  receive  only  precipitation. 

Ground  water  will  enter  built-up  peatlands  from  uphill 
edges  or  it  can  enter  througli  artesian  wells  (windows) 
that  can  range  up  to  lake  size.  Time  works  against  the 

efficiency  of  artesian  water  supplies  because  the  amor- 
phous channels  gradually  become  plugged  with  organic 

material.  The  plugging  also  modifies  the  water  by 
removing  calcium  through  cation  exchange  on  the  peat. 
Thus  ground  water  becomes  less  minerotrophic  as  it 
moves  through  or  across  organic  soils.  Some  artesian 
windows  of  earlier  geologic  times  may  have  been 
completely  covered  by  deep  peat  deposits  acting  as  an 
aquiclude  (aquifer  seal).  Shallow  peats  over  sand  plains 
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Figure  7.  —  Schematic  cross  section  of  ground  water  flow  in  the  region 
of  a  ground  water  fen  on  the  Marcell  Experimental  Forest  (modified 
from  Sander  1976). 

in  be  fed  by  capillary  water  from  a  water  table  dose  to 
le  sand  surface.  In  this  situation,  peat  development 
spends  greatly  on  fluctuations  of  the  regional  water 
ble  that  may  lower  the  capillary  fringe  below  the  reach 

'vegetation  and  evapotranspiration  demands. 

Peatland  Water  Tables 

Peatland  water  levels  depend  on  water  source.  This 
lation  can  be  illustrated  by  comparing  the  regional 
later  table  and  the  water  tables  of  both  a  perched  bog 

|id  a  ground  water  fen  (both  lake-filled  basins)  within 
8  km  (1/2  mi)  of  each  other  on  the  Marcell  Experi- 
ental  Forest  (fig.  8). 

Water  levels  of  the  regional  aquifer  measured  in  wells 

[jacent  to  each  lake-filled  peatland  basin  show  similar 
;nds  over  several  years  (tig.  8a).  A  low  point  is  reached 
ch  winter  before  snowmelt.  When  snow  begins  to  melt 
d  frost  disappears,  the  water  table  steadily  recharges 

sually  during  April  and  May).  By  mid-June  the  water 
ble  recharge  is  interrupted  by  high  evapotranspiration 

iinands.  This,  coupled  with  discharge  to  surface  areas, 
counts  for  the  steady  decline  of  the  water  table  until 

e  next  snowmelt-spring  rain  recharge  cycle.  The  high 
ak  in  1966  resulted  from  heavy  fall  rains  in  1965  and 
e  melting  of  an  exceptionally  deep  snowpack  in  March 
d  April  of  1966.  During  years  of  both  normal  and 

fove-normal  precipitation  annual  water  table  fluctua- 
i|)ns  in  the  ground  water  fen  are  less  than  in  the  perched 
ll)g  because  ground  water  input  tends  to  smooth  out  the 

'ater   table   fluctuations  caused  by   precipitation  and 
(apotranspiration  (fig.  8b  and  c). 

The  response  of  peatland  water  tables  to  precipitation 
depends  on  the  type  of  peat  material  in  the  zone  of 
active  water  table  fluctuation.  This  is  best  illustrated  by 

comparing  water  table  response  to  rain  in  a  perched  bog 
where  the  water  table  fluctuation  is  great  enough  to 
encompass  both  fibric  and  hemic  peat  materials  in  the 
same  profile.  There  is  a  distinct  difference  in  response  to 
rain  between  the  upper  (fibric)  and  lower  (hemic)  peat 
materials  (fig.  9).  Both  water  table  hydrographs  were 
produced  by  rainstorms  of  nearly  equal  amount  and 
intensity.  The  difference  is  due  to  the  initial  position  of 
the  water  table  in  different  peat  types.  Storm  A 
occurred  after  a  midsummer  drying  period  when  the 
water  table  was  25  cm  (0.8  feet)  below  the  surface  and 

in  moderately  decomposed  (hemic)  peat.  Storm  B 
occurred  in  the  spring  when  the  water  table  was  at  the 
average  bog  surface  in  live,  undecomposed  sphagnum 
mosses. 

Peatland  water  tables  may  also  be  affected  by  vegeta- 
tion. Closed-in  canopies  of  black  spruce  will  intercept  15 

to  20  cm  (6  to  8  in)  of  rain  and  snow  per  year,  thus 
forested  peatland  receives  less  precipitation  on  the  peat 
surface  than  does  nonforested  peatland.  Harvesting  a 
peatland  forest  may  or  may  not  raise  the  water  table, 

depending  on  water  source.  In  ground  water-fed  peat- 
lands  the  differences  in  precipitation  reaching  the 
surface  will  probably  not  be  reflected  in  water  table 
fluctuations  because  the  supply  of  water  from  the 

regional  aquifer  greatly  exceeds  precipitation.  The  effect 
of  ground  water  supply  simply  overrides  the  effect  of 
forest  harvesting.  In  perched  peatlands,  however,  the 
effect  of  forest  harvesting  on  water  tables  depends  on 
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Figure  'i.  -  (A)  Water  levels  in  deep  wells  on  the  upland  watersheds 
surrounding  a  perched  bog  and  a  ground  water  fen.  (B)  1964  water 
tables  in  a  perched  bog  and  ground  water  fen.  (C)  1966  water  table 
levels  in  a  perched  bog  and  ground  water  fen  (Bay  1970). 
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Figure  9.  —  Water  table  response  to  storms  of  equal  size 
depends  on  initial  water  table  elevation  and  the 
degree  of  decomposition  at  that  point.  The  water 
table  response  to  Storm  A  is  four  times  that  of  Storm 
B. 

the  frequency  of  rainfall.  During  prolonged  dry  periods 
water  tables  will  be  lower  after  harvesting  because  of  an 
increase  in  surface  wind  and  a  large  increase  in  the 
biomass  of  transpiring  sedges  which  can  pull  water  from 
lower  depths  than  Sphagnum.  With  increasing  rainfall 
frequency,  water  tables  in  harvested  areas  will  be  higiier 
because  there  is  less  interception  loss. 

Evapo  transpiration 
Annual  evapotranspiration  from  forested  peatland  is, 

in  general,  similar  to  potential  evapotranspiration  cal- 
culated by  the  Thornthwaite  method.  Long-term  annual 

{potential  evapotranspiration  in  the  northern  Lake  States 
IS  533  mm  (21  in)  with  a  range  of  432  to  584  mm  (17  to 

23  in).  Monthly  values  range  from  2.5  mm  (0.1  in)  in 
March  and  November  to  more  than  100  mm  (4  in)  in 

June,  July,  and  August.  One  study  in  north-central 
Minnesota  measured  actual  evapotranspiration  from  a 

forested  bog  by  the  water  balance  method.  Over  a  6-year 
period,  the  evapotranspiration  from  May  1  to  November 
1  ranged  from  465.1  to  526.3  mm  (18.31  to  20.72  in). 

Water  table  level  affects  the  rate  of  evapotranspiration 

so  that  day-to-day  rates  do  not  correspond  to  calculated 
potential  evapotranspiration.  Evapotranspiration  from 
an  open  sphagnum  bog  with  a  grass,  sedge,  and  Ericaceae 
cover  is  greatest  when  water  level  is  10  cm  (about  4 

in)  below  the  bottom  of  hollows  because  the  evaporative 
surface  of  sphagnum  moss  is  greatest  at  this 
point  and  grass  and  sedge  roots  are  well  aerated.  Raising 
the  water  table  above  this  point  will  decrease  evapotran- 

spiration because  grass  and  sedge  roots  are  flooded  as  is 
some  of  the  evaporative  moss  surface.  Dropping  water 
levels  to  33  cm  (about  13  in)  below  the  bottom  of  the 
hollows  will  drastically  reduce  evapotranspiration 

because  the  capillary  fringe  does  not  reach  to  the  surface 
mosses  and  herbaceous  roots.  At  this  point,  surface 
mosses  will  dry  out,  and  herbaceous  sedges  and  grasses 
will  be  dominated  by  Ericaceae  shrubs  with  xeromophic 
features  such  as  thick  leaves  with  waxy  layers  and  fuzzy 
undersides. 

Streamflow  from  Peatlands 

Streamflow  is  the  net  effect  of  all  processes  that 

influence  the  hydrologic  cycle  of  a  watershed.  Stream- 
flow  is  most  easily  measured  on  small  watersheds 

containing  lake-filled  peatland  (fig.  10).  Although  these 
small  watersheds  contain  both  peatland  and  their  associ- 

ated uplands,  they  provide  data  on  the  overall  effective- 
ness of  peat  deposits  as  water  storage  areas  and 

regulators  of  streamflow.  Perched  bog  basins  are  easiest 
to  measure  because  nearly  all  the  streamflow  from  the 
peatland  is  measured  at  the  weir  (fig.  1 1).  Ground  water 
fens  are  difficult  to  measure  because  stream  gages  do  not 
measure  all  the  discharge  and  the  contributing  area  of 

ground  water  is  uncertain. 

Most  of  the  annual  flow  from  perched  bogs  occurs 
before  June  15,  while  the  distribution  of  flow  from 

ground  water  fens  is  much  more  uniform.  This  striking 
difference  in  seasonal  streamflow  distribution  from 

perched  and  ground  water  basins  is  shown  by  the 
monthly  percentages  for  two  basins  on  the  Marcell 
Experimental  Forest  (fig.  12). 
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Figure  10.  -  Aerial  view  of  a  small  watershed  with  a 
perched  bog  in  the  center.  The  approximate  water- 

shed boundary  is  shown  as  a  dashed  line. 
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Figure  12.  —  Monthly  distribution  of  annual  streamjlow 
from  a  perched  bog  and  a  ground  water  fen,  1969. 

i 

Figure  11.-  Stream  gauge  for  measuring  run-o]]  jrom  a 
perched  bog  and  surrounding  watershed. 

The  large  portion  of  annual  runoff  from  perched  bogs ; 
in  April  results  from  melting  snow,  early  spring  rains, 

high  antecedent  soil  moisture  conditions,  and  low 

evapotranspiration.  By  the  end  of  snowmelt,  the  water 
level  is  generally  near  the  surface  in  perched  peat 
deposits,  and  these  peat  deposits  behave  much  like  lakes 
or  reservoirs  filled  witii  water:  additional  water  quickly 
contributes  to  streamtlow.  Streamflow  is  low  during  late 

spring,  summer,  and  early  fall,  even  though  much  of  the 
annual  precipitation  occurs  then  (fig.  13).  This  rainfall  is 

quickly  returned  to  the  atmosphere  by  evapotranspira- 
tion at  the  expense  of  streamflow  and  deep  seepage. 

Evapotranspiration  increases  with  increased  solar  radia- 
tion and  the  return  of  annual  leaves.  On  the  Marcell 

Experimental  Forest  in  north-central  Minnesota,  average 
rainfall  for  the  period  May  1  to  November  1  is  546  mm 
(21.5  in)  and  evapotranspiration  estimates  average  505 
mm  (19.9  in).  Assuming  no  changes  in  storage,  average 
runoff  for  the  period  is  41  mm  (1.6  in),  less  than  8 

percent  of  the  rainfall.  Only  large  summer  rains  will 
significantly  increase  streamflow. 
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Figure  13.  —  Monthly  precipitation,  streamflow,  and  potential  evapo- 
transpiration  for  a  perched  bog  watershed,  1969  (modified  from 
Verry  and  Boelter  1 9  75). 

The  uniform  distribution  of  annual  streaintlow  from 

he  ground  water  fen  can  be  explained  by  the  behavior 
bf  the  regional  water  table  (fig.  14).  Over  winter  there  is 
I  gradual  decline  in  the  water  table.  With  the  beginning 
)f  snowmelt  and  disappearance  of  frost,  there  is  a  quick, 
ustained  higli  rate  of  recharge.  The  high  recharge 

)ccurred  April  8-24  and  extended  about  5  days  beyond 
he  disappearance  of  snow.  From  late  April  until 

nid-June  there  is  another  stable,  though  lesser  rate  of 
echarge.  This  reflects  drainage  from  unsaturated  soil 
nd  parent  material  and  may  include  short  periods  of 

aturated  flow  following  spring  rains.  By  mid-June, 
lowever,  the  continuity  of  water  flow  to  deep  seepage  is 
iroken  as  summer  rains  usually  replenish  soil  moisture 
epleted  by  high  evapotranspiration.  This  coupled  with 
ischarge  to  surface  areas,  such  as  fens,  accounts  for  the 
teady  decline  of  the  water  table  until  the  next 

nowmelt-spring  rain  recharge  cycle. 

Some  have  speculated  that  peatlands,  because  of  their 
high  water  storage  capacity  and  flat  slope,  regulate  the 
distribution  of  streamflow/  This  does  not  appear  to  be  so 

in  small  lake-filled  bogs  in  bog-upland  watersheds. 
Streamflow  from  perched  bogs  is  not  well  regulated; 

flow  duration  curves  have  steep  slopes  because  stream- 
flow  and  evapotranspiration  depletes  basins  that  have 
little  perennial  storage  (fig.  15). 

Streamflow  from  ground  water-influenced  peatland  is 
much  more  uniformly  distributed  because  the  fen  is  a 
surface  discharge  point  for  the  regional  ground  water 
system,  which  provides  a  more  constant  supply  of  water. 
The  flow  duration  curve  is  nearly  flat,  and  shows  a 
nearly  constant  rate  of  flow  70  percent  of  the  time 
because  of  the  large  amount  of  perennial  storage.  The 
characteristics  of  streamflow  are  again  due  to  the 

hydro-geologic  characteristics.  Only  a  minor  effect  is  due 
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Figure   14.  —  Hydrograph  of  the  regional  ground  water  table  on  the 

Marcell  Experimental  f^^orest,  1969. 
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Figure  15.  -  Streamjlow-duratiou  cun'cs  for  a  ground  water  fen  and 
perched  bog  watershed.  Both  watersheds  are  about  53  ha  in  size. 

to  the  fen.  Instead  of  regulating  streamflow,  the  ground 
water  fen  may  do  the  opposite  by  releasing  excess  water 
more  quickly  than  mineral  aquifers  during  periods  of 

high  precipitation  and  losing  more  water  by  evapotrans- 
piration  during  dry  periods. 

Stormflows  are  generated  by  heavy  rains,  but  the  most 
common  contributor  to  maximum  annual  streamflow 

rate  is  snowmelt.  Maximum  streamflows  (floods,  if  you 

will)  are  not  a  function  of  the  kind  of  basin,  perched  or 

16 

I 
ground  water.  Rather,  they  are  affected  by  watershed 
size,  the  amount  of  water  in  the  snowpack,  the  rate  of 
snowmelt,  infiltration  characteristics  of  the  basin  soil, 

and  the  percentage  of  peatland  or  lake  in  a  watershed. 
The  two  watersheds  represented  in  figure  15  are  about 
the  same  size,  have  the  same  snow  and  rainfall  and  about 

the  same  percentage  of  peatland,  and  thus  have  the  same 
maximum  streamflow  rate  even  though  one  watershed 

contains  a  perched  bog  and  one  contains  a  ground  water 
fen. 
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Stormflows  resulting  from  spring,  summer,  and  fall 

rains  are  modified  by  peatland.  Typical  storm  hydro- 
graphs  from  perched  bogs  have  long,  drawn  out  recession 
curves  (fig.  16).  The  recession  leg  of  the  dormant  season 

hydrograph  approaches  a  straight  line  on  semi-logarith- 
mic paper  rather  quickly  and  remains  well  above  the 

prestorm  discharge  level.  This  characteristic  indicates  a 
temporary  storage  and  slow  release  of  storm  fiows  due 
primarily  to  the  nearly  level  bog  topography  and  the 

large  detention  storage  of  surface  peats.  The  recession 
leg  of  the  growing  season  hydrograph  is  broken  by  daily 

evapotranspiration  losses  that  reduce  streamfiow.  How- 
ever, the  storage  and  slow  release  of  stormflow  are  still 

evident  from  the  small  decay  rate  (flattening  of  the 
hydrograph)  during  periods  of  low  evapotranspiration. 

Peak  stormflows  are  related  to  climatic  and  physio- 

graphic variables  including  the  short-term  storage  capa- 
city of  the  watershed.  In  organic  soils,  storage  capacity 

depends  greatly  on  the  level  of  the  water  table  in  the 
peat  profile.  Therefore,  storm  peaks  are  directly  related 
to  water  table  level  (fig.  17).  Greatest  runoff  occurs 
when  the  water  table  is  high  because  there  is  little 

available  storage  capacity  and  water  moves  directly  to 
the  bog  outlets.  Surface  peats  also  have  high  hydraulic 
conductivity  and  drain  quickly  while  deeper  peats  are 
more  decomposed,  retain  more  water,  and  drain  slowly. 

DORMANT  SEASON 

2400    0600    1200    1800    2400    0600    1200     1800    2400    0600 

S      1  X  10^  - 

1  X  10-*  - 

DATE  AND  TIME  (HOUHSI 

GROWING  SEASON 

DATE  AND  TIME  IHOURSI 

Figure  16.  —  Hydrographs  for  a  dormant  season  storm 
(2.5  cm)  and  a  growing  season  storm  (2.2  cm)  on  a 
perched  bog  watershed  (modified  from  Bay  1969). 
Note  the  nearly  straight  recession  leg  for  the  donnant 
season  storm  while  the  growing  season  recession  leg  is 
broken  by  daily  evapotranspiration  losses. 
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Figure  17.  —  Relation  of  peak  Jlow  (Qp) 
to  storm  rainfall  (P)  and  water  table 
position  in  a  perched  bog.  High  water 
table  conditions  existed  when  water 

tables  were  fluctuating  above  the 
average  moss  surface  and  within  the 

hununock  and  hollow  micro-topo- 
graphy. Low  water  table  values  were 

computed  when  water  tables  were 
greater  than  15  cm  below  the  average 
hollow  elevation  (modified  from  Bay 

1969).  Watershed  size  is  9.  7  ha. 
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We  have  considered  peatland  hydrology  largely  from 
data  gathered  on  small  watersheds  around  40  ha  in  size, 
but  similar  conclusions  have  been  reached  for  large 

watersheds  in  northern  Minnesota  where  peatland  consti- 
tutes 40  percent  or  more  of  the  area.  In  general,  water  is 

released  from  peatland  very  slowly  and  is  not  a 

significant  source  of  low  streamflow.  In  peatland  areas, 
water  is  discharged  mostly  by  evapotranspiration. 
Streamfiow  is  maintained  by  discharge  from  ground 
water  reservoirs  and  lakes.  But  both  lakes  and  flat 

peatland  areas  reduce  flood  peaks. 

Half  of  the  popular  concept  concerning  peatland  and 
water  is  true.  Peatland  does  reduce  the  peak  rates  of 
streamflow  from  snowmelt  and  heavy  summer  rains 
because  it  is  flat  and  there  is  some  short-term  detention 
storage  in  the  surface  horizons.  However,  peatland  does 
not  sustain  streamflow  during  dry  summer  months  by 
slowly  releasing  stored  water.  To  the  contrary,  it  uses 
water  at  maximum  rates  of  evapotranspiration  and  at  the 
expense  of  streamflow. 

Peatland  Water  Chemistry 

Peatland  water  chemistry  depends  on  the  kind  and  I 
amount    of  water   source   and   the  distance  water  has. 

traveled  through  the  peatland.  Ombrotrophic  raised  bogs, 
and   perched   bogs  reflect  precipitation  chemistry  and  I 
have    a    narrow    pH    range    because    Sphagnum    moss 
controls  acidity  through  cation  exchange  reactions.  In 
general,  ombrotrophic  bog  waters  have  a  pH  of  3  to  4,  a 
specific  conductance  less  than  80  ju  mhos,  and  a  calcium 
concentration  less  than  4  or  5  mg/1.  The  predominant 
anion  is  sulfate  and  the  predominant  cation  is  hydrogen 
(table  4). 

Fens,  fed  by  a  ground  water  source,  generally  have 
water  pH  values  of  4  to  8,  a  specific  conductance  more 

than  100  n  mhos,  and  calcium  concentrations  more  than  ■ 
15  mg/1.  The  predominant  anion  is  bicarbonate  and  the 
predominant  cation  is  calcium.  Poor  fens  have  values  i 

grading     downward     into     the    ombrotrophic    values.^ 
Minerotrophic  fens  in  general  have  a  much  wider  range 

Table  4.  —  Average  concentration  of  water  quality 
indicators  in  the  streamjlow  of  perched  bog  and 

ground  water  fen  watersheds^ 

Perc hed  bog 

:      Cr 
ound water Water 

watersheds :      fen watersheds 
characteristics 

:  \ 

I ;   SD    : 

N=
 

:    X   : ± 
SD   : 

N^
 

Color  units 336 ; 
145 

170 100 ♦ 64 22 

pH  units 
3.6 t 

0.3 

93 6.5 ± 

0.28 

15 

Specific  conductance 

(umbo  at  25°C) 
51 ± 

13 

104 

125 

; 48 16 
MG/LITER                               1 

Total  acidity  1± 
(as  CaCO  ) 

ToMl  alkalinity (as  CaCO^) 

Total-N 

48.2 ± 24 132 — ± — — 

~ ± — — 54.2 
± 28.0 

18 

1.34 
± 

0.64 
167 

0.58 
± 

0.29 

21 

Organlc-N 
0.69 ± 0.40 165 0.33 t 

0.22 

21 

Ammonla-N 0.45 ± 
0.39 

165 
0.15 

1 

0.14 

21 

Nltrate-N 
0.20 * 0.25 

168 
0.10 

1 0.07 

21 

Nltrlte-N 
0.003 ± 0.003 166 0.003 

± 
0.003 

21 

Total-P 
0.06 t 

0.06 
136 0.03 t 

0.01 

17 

CI 0.7 ± 0.8 

172 0.4 

± 0.4 22 
^^ 4.5 ± 2.2 73 

6.0 

t 4.2 7 
1.35 ± 0.8 

166 

0.98 * 
0.48 

21 

Ca 2.4 + 1.0 170 
16.6 

± 

9.0 

22 
Na 0.6 ± 0.3 164 

2.0 

± 1.0 22 

Mg 

0.97 ± 
0.36 

136 2.88 
* 0.93 

15 
Mn 0.06 t 0.05 136 0.08 t 0.06 

14 

K 1.3 ± 0.6 128 1.1 1 0.4 22 
Al 0.79 ± 0.43 

135 

0.16 ± 0.06 

14 

Pb' 

<0.05 

t — 116 

<0.05 

± — 

12 

Zn 0.08 
* 0.11 

123 0.11 t 

0.17 

12 

SI 

2.7 
1 

2.1 

49 

4.9 

t 

4.0 

3 

'Verry  (1976). 

^Number  of  samples. 

'usually  below  detection  limit  of  0.05  mg/llter. 
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-  chemical  values  because  there  is  great  variation  in  the 
liids  and  amounts  of  ground  water.  Some  perched  bogs 

1  lake-filled  basins  might  have  a  thin  boundary  of  poor 
In  resulting  from  mineral  soil  surface  flow  and  inter- 
l)w.  but  the  volume  of  flow  is  not  large  enough  to 
(CI come  the  exchange  capacity  of  Sphagnum  peats 
i.MC  than  a  few  meters  from  the  bog  edge. 

in  large,  built-up  peatlands  the  minerals  in  ground 

■iKM  may  be  depleted  by  cation  exchange  as  they  flow 
:!ther  and  farther  away  from  their  source.  A  progres- 
:  111  of  rich  to  poor  fen  results.  Poor  fens  can  also  result 
1)111  ground  water  low  in  dissolved  minerals  (especially 
(Icium).  The  amount  and  type  of  dissolved  minerals  in 

ji^und  water  depends  on  the  mineralogy  of  the  aquifer 
;  J  confining  units  and  the  time  that  water  has  traveled 
i  contact  with  various  materials. 

The  annual  yields  of  nutrients  are  similar  to  those  from 
other  undisturbed  forested  watersheds  in  humid  areas  of 
the  northern  United  States  and  southern  Canada. 

It  has  not  been  possible  to  calculate  annual  nutrient 

yields  from  a  ground  water  fen  because  the  contributing 
area  of  ground  water  is  difficult  to  determine.  However, 

we  can  compare  the  concentrations  for  the  ombro- 
trophic,  perched  bog  and  minerotrophic,  ground  water 
fen  (table  4)  by  weighting  them  by  amount  of  annual 

streamfiow.  Weighted  concentrations  for  the  two  water- 
shed types  are  similar  for  organically  derived  ions 

(total-P,  total-N,  and  total-Fe)  and  for  chloride,  which  is 
mainly  atmospheric  in  origin  and  moves  freely  in  the 
environment  (table  6).  Weighted  concentrations  of 

minerals  derived  from  solution  of  aquifer  and  over- 
burden materials  are  greatest  in  the  ground  water  fen 

watershed. 

Annual  yields  of  nutrients  have  been  calculated  for 

iland-peatland  watersheds  containing  perched  bogs  in 
;)i th-central  Minnesota  (table  5).  Because  the  sphagnum 
hgs   control   the   chemistry  of  these  small  watershed 

ircams,  the  values  should  also  apply  to  other  ombro- 
ipiiic  bogs  such  as  raised  bogs  in  built-up  peatlands. 

In  general,  nearly  equal  amounts  of  organically  derived 
nutrients  are  leached  from  both  watershed  types  in  an 

equal  volume  of  water  leaving  the  watershed  as  stream- 
fiow.  The  total  yield  (kilograms/year)  of  all  chemical 
constituents  is  primarily  a  function  of  the  annual  volume 
of  streamfiow. 

ible  5.  —  Annual  yield  (kg/ha  ■  yr)  of  nutrients  and 
other  chemicals  for  perched  bog  watersheds,    WS-2 
and  WS-4 

Chemical 
constituent 

WS-2^ ;  WS-4^ Total- 

-N 

1.91 1.97 
Organ 

LC- 

-N 

0.99 1.02 
Ammonia- 

-N 

0.64 0.66 

Nitrate- 

-N 

0.28 0.29 
Nitrite- 

-N 

0.01 0.01 

Total- 

-P 

0.08 0.08 

Cl 0.87 0.87 
SO 
Fe 

7.75 
9.17 

1.81 1.66 Ca 3.46 3.55 
Na 

1.06 1.25 
Mg 

1.46 1.52 
Mn 0.08 0.08 
K 1.26 1.41 
Al 1.12 1.04 
Zn 

0.08 
0.09 

Si 1.71 1.21 
Total acidity 

(as 
CaCO^) 72.01 74.19 

'Verry  (1976). 
^WS-2  and  WS-4  refer  to 

numbered  watersheds  on  the 
Marcell  Experimental  Forest  in 
north-central  Minnesota. 

Table  6.  —  Average  annual  flow  weighted^  concentra- 
tions for  perched  bog  and  ground  water  fen  water- 

sheds (g/rn^ )  (annual  streamfiow  averages  for  WS-2, 
WS-4,  and  WS-3  are  16,278,  67,429,  and  574,954  m\ 

respectively^ 
Chemical 

constituent 

:   Perched 

:   watersh 

bog 

eds 

:  Ground  water 

:      fen 

:    WS-3^ 

:  WS-2'  : 

WS-4' 

Total- 

-P 

0.05 0.04 
0.03 

Total- 

-N 

1.1 
1.0 0.6 

Total- 

-Fe 

1.1 
0.8 

1.0 Cl 0.5 
O.A 0.4 K 

0.8 
0.7 1.1 

Al 0.67 
0.53 0.16 

SO Na 
3.6 

3.5 
6.0 

0.6 
0.6 2.0 

Mg 

0.9 
0.8 

2.9 

Ca 

2.1 

1.8 
16.6 

Mn 0.05 0.04 
0.09 Zn 

0.05 0.04 0.11 

Si 
1.0 

0.6 4.9 

'Perched   bog  watershed   concentrations 
have   been  weighted   by   flow   rate   for   some 
nutrients  which  show  an  inverse   relation 
between   flow  rate   and   concentration. 

^Verry  (1976). 

^ifS-2,  WS-3,  and  WS-4  refer  to 
numbered  watersheds  on  the  Marcell 

Experimental  Forest  in  north-central 
Minnesota. 
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SUMMARY 

Peatland  is  different  from  other  land  forms  in  many 
ways.  Formed  as  a  result  of  excessively  wet  conditions, 
peatland  remains  saturated  or  nearly  saturated  in  its 
natural  undrained  condition.  Although  these  conditions 
have  led  to  speculation  that  these  wetlands  play  a  unique 
hydrologic  role,  this  role  may  not  be  as  different  as  first 
thought. 

Although  saturated  and  containing  80  percent  or  more 
water  by  volume,  organic  soils  do  not  always  permit 
rapid  water  movement  or  easily  give  up  their  water  to 
drainage  because  the  more  decomposed  materials  hold 
theii  water  tenaciously. 

Peatland  can  be  broadly  classed  into  two  groups: 

ombrotrophic  (ion-poor)  peatland  (bog)  receives  precipi- 
tation as  its  primary  water  source;  minerotrophic  (ion- 

rich)  peatland  (fen)  receives  large  ground  water  supplies 
as  well  as  precipitation. 

Contrary  to  popular  belief,  neither  bogs  nor  fens 
maintain  an  even  distribution  of  annual  streamflow. 

Seasonal  distribution  within  the  year  is  governed  pri- 
marily by  the  hydrogeologic  setting,  water  source,  and 

evapotranspiration  relations.  The  organic  soils  have  only 
a  minor  effect.  The  flat  topography  and  physical 
detention  of  flow  in  the  surface  layer  do  regulate 
individual  stormflows  by  reducing  peaks  and  delaying 
the  release  of  stormflow  volumes. 

The  water  chemistry  of  streams  draining  peatland 
depends  primarily  on  water  source.  Nutrients  in  rain, 
snow,  and  dust,  modified  by  organic  soils  and  Sphagnum 

moss,  play  a  major  role  in  the  composition  of  on-site 
water  in  ombrotrophic  peatland,  but  they  do  not  greatly 
affect  the  ionic  composition  of  streams  draining  large 
areas  of  land.  The  water  composition  of  streams  draining 
minerotrophic  peatland  is  primarily  determined  by  the 
solution  of  ground  water  aquifer  and  overburden  parent 
materials.  The  downstream  influence  of  peatland  in  large 
watersheds  is  only  seen  in  color  values  and  perhaps  some 
organically  derived  anions.  Concentrations  of  these 
materials  decrease  with  distance  from  the  peatland. 
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FOREWORD 

This  is  one  of  a  series  of  manager's  handbooks  for  important  forest 
types  in  the  north  central  States.  The  purpose  of  this  series  is  to  present 
the  resource  manager  with  the  latest  and  best  information  available  in 
handling  these  types.  Timber  production  is  dealt  with  more  than  other 
forest  values  because  it  is  usually  a  major  management  objective  and 

more  is  generally  known  about  it.  However,  ways  to  modify  manage- 
ment practices  to  maintain  or  enhance  other  values  are  included  where 

sound  information  is  available. 

The  author  has,  in  certain  instances,  drawn  freely  on  unpublished 

information  provided  by  scientists  and  managers  outside  his  specialty. 
He  is  also  grateful  to  the  several  technical  reviewers  in  the  region  who 
made  many  helpful  comments. 

The  handbooks  have  a  similar  format,  higliliglited  by  a  "Key  to 
Recommendations".  Here  the  manager  can  find  in  logical  sequence  the 
management  practices  recommended  for  various  stand  conditions. 
These  practices  are  based  on  research,  experience,  and  a  general  silvical 
knowledge  of  the  predominant  tree  species. 

All  stand  conditions,  of  course,  cannot  be  included  in  the  handbook. 

Therefore,  the  manager  must  use  technical  skill  and  sound  judgment  in 
selecting  the  appropriate  practice  to  achieve  the  desired  objective.  The 
manager  should  also  apply  new  research  findings  as  they  become 
available  so  that  the  culture  of  these  important  forest  types  can  be 
continually  improved. 



CONTENTS Page 

SILVICAL  HIGHLIGHTS        1 
MANAGEMENT  OBJECTIVES        1 
KEY  TO  RECOMMENDATIONS        2 
TIMBER  MANAGEMENT  CONSIDERATIONS    ....  4 

Stand  Conditions        4 

Controlling  Composition  and  Growth    6 
Controlling  Stand  Establishment        7 

OTHER  RESOURCE  CONSIDERATIONS         9 
Recreation         9 
Water        10 
Wildlife        10 

APPENDIX    11 

Site  Index,  Stocking    11 
Growth  and  Yield    12 
Metric  Conversion  Factors         15 

Common  and  Scientific  Names  of  Plants 
and  Animals    15 

PESTICIDE  PRECAUTIONARY  STATEMENT    ....  16 
LITERATURE  CITED  AND  OTHER  REFERENCES    .  17 



JACK  PINE 

IN  THE  NORTH  CENTRAL  STATES 

John  W.  Benzie,  Principal  Silviculturist 
Grand  Rapids,  Minnesota 

SILVICAL  HIGHLIGHTS 

Wildfires  following  early  pine  logging,  and  extensive 

anting  programs  in  the  1930's,  increased  the  extent  of 
ck  pine'  in  Minnesota.  Wisconsin,  and  Michigan, 
owever,  its  present  area  of  2.5  million  acres^  is 
:creasing  as  jack  pine  stands  are  converted  to  other 
ecies. 

Jack  pine  grows  in  extensive  pure  stands  but  is  also 
jquently  mixed  with  red  and  white  pine,  aspens,  paper 
rch,  and  scrub  oaks;  less  often  it  is  mixed  with  black 

ruce,  white  spruce,  and  balsam  fir.  Jack  pine  is 
[tolerant  of  shade.  It  is  often  a  pioneer  species  on  burns 
bare  sandy  soil  and  is  usually  succeeded  by  more 

lerant  species  on  all  but  the  dry  sandy  sites  where  it 
ay  form  an  edaphic  climax. 

Although  jack  pine  is  a  short-lived  tree,  a  few 
idividuals  may  live  for  more  than  200  years,  and  stands 
smetimes  survive  up  to  100  years.  Commercial  rotation 
ces  are  generally  between  40  and  70  years  when  mature 
l;es  are  usually  8  to  12  inches  d.b.h.  and  50  to  80  feet 
11. 

Jack  pine  is  susceptible  to  severe  losses  from  several 
diseases  and  insects,  as  well  as  from  browsing  or  girdling 
by  animals,  and  from  breakage  by  wind,  ice,  hail,  and 
snow  storms.  Fires  also  easily  kill  jack  pine  but  they  play 

an  important  role  in  establishing  many  seedling  stands 
by  killing  the  shrub  and  tree  competition,  preparing 
seedbeds,  and  melting  the  resin  on  the  scales  of  the 
serotinous  cones  to  release  seeds. 

Cones  are  generally  serotinous  over  much  of  the  jack 

pine  range;  many  of  these  closed  cones  persist  on  the 
tree  for  years  resulting  in  large  accumulations  of  seed  in 
unopened  cones.  Some  trees,  however,  particularly  in 

the  southern  part  of  the  jack  pine  range,  bear  non- 
serotinous  cones  which  open  as  soon  as  they  mature  and 
disperse  their  seeds  promptly.  Good  seed  crops  are 

produced  at  3-  to  4-year  intervals  from  about  age  20,  but 
best  seed  production  is  on  trees  40  to  50  years  old. 

Considerable  variations  in  vigor,  wood  characteristics, 

stem  and  crown  form,  cone  characteristics,  and  resist- 
ance to  insects  and  disease  provide  opportunities  for 

genetic  improvement. 

MANAGEMENT  OBJECTIVES 

ack  pine  is  a  short-lived,  intolerant,  pioneer  species 
It  occurs  primarily  as  a  temporary  type  on  the  better 

IBs,  but  on  the  deep,  dry  outwash  sands,  where  other 

immercial  tree  species  do  poorly,  it  is  a  more  perman- 

|t   type.   Management    objectives    considered  in   this 

^ For  scientific   names  of  plants  and  animals,   see 
I  tpendix,  p.  15. 

^For  metric  equivalents,  see  Appendix,  p.  15. 

handbook  are  (1)  to  maintain  the  jack  pine  type  where  it 
is  the  best  suited  species  and  (2)  to  replace  it  with  a 
more  suitable  species  on  other  sites  at  the  end  of  the 

jack  pine  rotation.  Intermediate  thinnings  are  recom- 
mended for  jack  pine  stands  on  the  better  sites  (site 

index  60  or  more)  managed  for  the  production  of  poles 

and  small  saw  logs.  Most  jack  pine  stands,  however,  will 

be  managed  for  pulpwood  without  intermediate  thin- 
nings except  for  densely  overstocked  seedling  stands  that 

need  to  be  weeded  to  reduce  the  risk  of  stagnation, 
shorten  the  rotation,  and  increase  the  pulpwood  yield. 



Jack  pine  seedlings  require  full  sunlight  to  become 
established.  The  recommended  silvicultural  system  may 

be  clearcutting,  seed  tree,  or  shelterwood,  depending  on 
various  conditions  such  as  seed  tree  quality,  cone  habit, 
slash  disposal  methods,  and  seedbeds.  Planting  may  be 
needed  to  establish  jack  pine  on  some  sites  but  on  many 
areas  scattering  branches  with  serotinous  cones  or 

sowing  repellent-treated  seed  on  mineral  soil  seedbeds 
will  be  successful.  Natural  regeneration  by  the  seed  tree 
or  shelterwood  system  depends  on  the  availability  of 
good  quality  seed  trees.  The  seed  tree  system  is 
recommended  only  for  stands  with  serotinous  cones 

where  prescribed  burning  can  be  used  for  site  prepara- 
tion and  the  heat  of  the  fire  will  open  the  cones  on  the 

seed  trees.  If  the  trees  have  nonserotinous  cones,  the 

shelterwood  system  may  be  used. 

Major  problems  in  managing  jack  pine  stands  involve 
stand  establishment  and  protection.  Weather  conditions 
are  often  more  critical  on  dry  sandy  soils  where  droughts 

and  high  temperatures  can  severely  hinder  stand  estab- 
lishment. Protection  problems  are  also  influenced  by 

weather  factors  that  increase  environmental  stresses  on 

the    trees.  Wind,  snow,  ice,  and  hail   storms  can  be 

especially  damaging  to  jack  pine  stands.  Other  problems 
include  insects,  diseases,  and  fire. 

The  acreage  of  jack  pine  increased  after  the  original 

pine  logging  because  wildfires  encouraged  natural  seed- 
ing and  there  were  extensive  planting  programs  in  the 

1930's.  These  jack  pine  stands  show  large  differences  in 
growth  rates  and  pest  resistance.  Many  areas  could  be 
more  productive  if  improved  jack  pine  seeds  or  trees 
were  used  for  establishing  new  stands  on  these  sites  or  if 

the  jack  pine  stands  were  replaced  with  a  more  produc- 
tive forest  type  at  the  end  of  the  rotation.  Better 

guidelines  are  needed  to  select  improved  jack  pine  for 
establishing  stands  on  the  dry,  sandy  sites  where  jack 
pine  has  an  advantage  over  other  species  and  to  compare 

jack  pine  productivity  with  other  suitable  species  on  all 
sandy  sites. 

Jack  pine  forests  can  be  managed  for  timber  and  still 
provide  wOdlife  habitat  for  several  species  of  mammals 

and  birds  including  deer,  hare,  and  Kirtland's  Warbler. 
Practices  to  ensure  and  protect  other  resources  such  as 
recreation  and  water  along  with  timber  are  also  discussed 
in  the  handbook. 

KEY  TO  RECOMMENDATIONS 

The  following  key  is  based  primarily  on  the  technical  recommendation  refers  to  the  appropriate  section  under i 

aspects  of  forest  management  -  silviculture,  protection,  "Management    Considerations"    where    optional    silvi- 
and  regulation.  The  administrative  aspects  -  economic,  cultural  tools  and  methods  are  discussed. 
legal,  and  social  -  have  only  limited  indirect  influence  in  ^  ,,     ,  .    .      ..    .1     r-    .  r         .       jj ,     ,  ,  ...  ,  ,  To  use  the  key,  start  with  the  first  pair  01  numberedd 
the  key  so  the  user  is  cautioned  to  evaluate  these  aspects  ,  „,  ,  ,,,-,, 

c  ,,       ,  ,   .       ,         ,    .    ,  ,  statements.  Choose  the  statement  that  best  describes  the< 
careiully  when  applying  the  technical  recommendations.  .,     ̂ .  ,  r-    ,  ,  ,  .    . 

situation  and  iind  a  number  only,  a  recommendation 
and  a  number,  or  a  recommendation  only.  If  a  number  ij 

The  key  recommends  management  practices  for  some  given,  find  the  pair  of  statements  with  that  number  and 
of  the  common  site  and  stand  condifions  encountered  in  continue  the  process  until  a  recommendation  only  is 
the  jack  pine  type  or  on  potential  jack  pine  sites.  Use  of  reached.    All    recommendations   encountered   in   goin^ 
the  key  in  conjunction  with  a  stand  examinafion  will  through  the  key  should  be  considered  in  your  prescrip 
lead   to  one  or  more  general  recommendations.  Each  tion. 

1.     Jack  pine  stand  with  minimum  or  higher  stocking       

See  "Type"  and  "Stand  Density",  p.  4,  and  fig.  5,  Appendix 
1.     Jack  pine  stand  with  less  than  minimum  stocking,  or  area  is  nonstocked   

2.     Average  tree  d.b.h.  is  less  than  5  inches        

See  "Size",  p.  4 
2.     Average  tree  d.b.h.  is  5  inches  or  more   

3.     2,000  or  more  trees  per  acre       WEED  OR  CLEAN  .  i 

See  "Weeding  and  Cleaning",  p.  6 
3.     Less  than  2,000  trees  per  acre   

4.     Stand  is  mature   

See  "Rotation  Ages",  p.  7 
4.     Stand  is  not  mature        



Site  index  60  or  better       6 

See  fig.  4,  "Appendix",  p.  1 1 
Site  index  less  than  60       9 

6.     Manage  for  large  products  (poles,  etc.)   7 

See  "Quality",  p.  5 
6.     Manage  for  small  products  (pulpwood,  etc.)   9 

120  square  feet  of  basal  area  per  acre  or  more       THIN  .  .9 

See  "Thinning",  p.  6 
Less  than  1 20  square  feet  of  basal  area  per  acre   9 

8.     Severe  overstory  competition        RELEASE  .  .  9 

See  "Release",  p.  6 
8.     Overstory  competition  is  not  severe       9 

ffigh  risk  of  injury  or  loss   CONTROL  IF  FEASIBLE 

See  "Risk",  p.  4 
Low  risk  of  injury  or  loss   WAIT 

10.  Condition  is  needed  for  other  resources       MAINTAIN 

See  "Other  Resources",  p.  9 
10.  Condition  is  not  needed  for  other  resources       11 

Jack  pine  desired  and  site  is  suitable       12 

See  "Site  Evaluation",  p.  7  and  "Conversion",  p.  9 
Jack  pine  not  desired;  or  jack  pine  desired  but  site  not  suitable   CONVERT 

12.  Desirable  jack  pine  seed  source  on  area   13 

See  "Seed  Tree  Requirements",  p.  8 
12.  No  desirable  jack  pine  seed  source  on  area   USE  CLEARCUT  .  .   17 

Trees  have  serotinous  cones   14 

See  "Seeding",  p.  9 
Trees  have  nonserotinous  cones   16 

14.  10  trees  per  acre  are  adequate  to  seed  area   15 

See  "Silvicultural  Systems",  p.  8 
14.  10  trees  per  acre  are  not  adequate  to  seed  area   USE  CLEARCUT  .  .   17 

Prescribed  burning  is  planned   USE  SEED  TREE 

See  "Site  Preparation",  p.  7 
Prescribed  burning  is  not  planned   USE  CLEARCUT  .  .   17 

16.  Two  commercial  harvests  possible  and  desired   USE  SHELTERWOOD  .  .   17 

See  "Silvicultural  Systems",  p.  8 
16.  Two  commercial  harvests  not  possible  or  not  desired        USE  CLEARCUT   .  .   17 

1.  Sufficient  mineral  soil  seedbeds  free  of  slash  and  competition       18 

See  "Site  Preparation",  p.  7 
Insufficient  or  inadequate  seedbeds   PREPARE  SITE  .  .   18 

18.  If  shelterwood  system  is  used        USE  NATURAL  SEEDING 

See  "Silvicultural  Systems",  p.  8 
18.  If  clearcutting  system  is  used   19 

>  Ij:.  Improved  planting  stock  available   PLANT 

See  "Planting",  p.  9 
Improved  planting  stock  not  available        20 

20.  Good  supply  of  serotinous  cones  on  area   SCATTER  CONES 

See  "Seeding",  p.  9 
20.  Poor  supply  or  no  serotinous  cones  on  area       DIRECT  SEED 



TIMBER  MANAGEMENT  CONSIDERATIONS 

Stand  Conditions 

Jack  pine  stands  and  potential  jack  pine  sites  need  to 
be  carefully  examined  on  the  ground  to  best  determine 
their  condition,  but  use  of  aerial  photos,  maps,  and 
other  sources  of  information  should  not  be  overlooked. 

The  stand  —  or  site  —  condition,  which  is  the  basis  for 
recommendations,  includes  type,  age,  size,  density,  risk, 
quality,  productivity,  and  operability. 

Type 

Jack  pine  grows  in  extensive  pure  stands  as  well  as 
various  mixtures  in  which  it  is  the  predominant  species. 
Common  associated  species  in  mixed  stands  are  red  and 

white  pine,  quaking  and  bigtooth  aspen,  paper  birch, 
northern  red  oak,  and  northern  pin  oak.  Other  associates 
include  black  spruce,  white  spruce,  balsam  fir,  and  bur 
oak.  In  addition  to  the  species  composition  of  the  main 
stand,  important  understory  tree  or  shrub  species  should 
be  noted  so  they  can  be  evaluated  for  site  preparation 
needs  and  for  other  single  or  multiple  uses.  Dry,  sandy 
areas  that  are  nonstocked  or  poorly  stocked  may  be 
suitable  sites  to  establish  jack  pine  seedlings. 

Age 

The  total  age  of  dominant  and  codominant  trees  will 
aid  in  estimating  site  productivity  and  comparing  the 
present  stand  with  its  potential  condition.  Total  age  in 
jack  pine  can  be  estimated  by  adding  6  years  to  age  at 
breast  height  (4.5  feet  above  ground)  or  2  years  to  age  of 
plantations.  Rotation  ages  for  jack  pine  are  discussed  on 

page  7. 

Size 

Jack  pine  stands  are  classified  as  seedling  stands  (up  to 
2  inches  average  d.b.h.),  sapling  (2  to  5  inches),  pole  (5 
to  9  inches),  and  sawtimber  (9  inches  and  over). 
Estimated  tree  diameters  and  basal  areas  at  age  20  are 
strongly  influenced  by  stand  density  and  site  (tables  1 
and  2,  p.  12,  Appendix).  In  stands  with  more  uniform 
stand  density,  tree  size  will  also  be  more  uniform. 

Stand  Density 

Two  important  aspects  of  stand  density  in  jack  pine 
stands  are  the  stocking  level  and  uniformity.  As  the 
stocking  level  decreases  toward  the  minimum  stocking. 

uniformity  or  distribution  of  the  trees  in  the  star 
increases  in  importance.  The  minimum  stocking  in  bas 
area  and  number  of  trees  for  uniform  stands  of  vario 

average  stand  diameters  was  calculated  from  the  ma? 
mum  amount  of  growing  space  trees  of  each  diamet 

could  use  (fig.  5,  p.  11,  Appendix).  Minimum  siockii 
for  stands  averaging  4  inches  in  diameter  is  about  6( 
trees  and  50  square  feet  of  basal  area  per  acre.  In  stan 
averaging  12  inches  in  diameter  minimum  stocking 
about  100  trees  and  80  square  feet  of  basal  area  per  aci 

The  recommended  upper  limit  of  stocking  for  managi 
stands  is  based  on  85  percent  of  a  normal  yield  table  f 
pole  stands  (5  to  9  inches  average  diameter)  and  1( 
percent  for  sawtimber  stands  (fig.  5,  p.  11,  Appendi; 

The  recommended  upper  limit  of  stocking  for  manag' 
stands  averaging  5  inches  in  diameter  is  about  800  tre 
and  110  square  feet  of  basal  area  per  acre.  For  stan 
averaging  9  inches  in  diameter  it  is  about  300  trees  aa 
140  square  feet  of  basal  area  per  acre. 

In  seedling  stands  less  than  5  years  old  stocking  can  - 
estimated  by  percent  of  milacre  plots  with  at  least  oa 

seedhng  (a  "stocked"  milacre).  A  minimum  of 
percent  stocked  milacres  would  provide  good  seedlili 
distribution  and  indicate  at  least  600  trees  per  ac; 
which  is  the  recommended  minimum  stocking  for  stanii 
averaging  4  inches  d.b.h.  In  older  seedling  stands  (ove; 

years  old)  1/100-acre  sample  plots  are  recommended! 
estimate  number  of  trees  per  acre  and  average  tree  sii 
Although  understocked  stands  are  generally  more  o 

problem  than  overstocked  stands,  dense  sapling  stands^ 
to  5  inches  average  d.b.h.)  with  more  than  2,000  trr 
per  acre  develop  weak  spindly  trees  that  may  tendJ 

stagnate. 

Risk  of  Loss  from  Damaging  Agents 

High    risk  jack   pine    trees   are    those    damaged 
diseases,  ijisects,  animals,  fire,  or  weather.  Risk  depea 

on  the  degree  of  injury  and  the  chances  for  the  tree« 
recover.  Trees  in  young,  vigorous,  fully  stocked  staa 
have  the  best  chances. 

Weather  damage  includes  flooding,  drought,  lightnn 

strikes,  and  breakage  by  ice,  hail,  snow,  and  w* 

storms.  Storms  may  also  leave  thin-crowned  weaken 
trees  susceptible  to  further  injury  from  other  envim 
mental  stresses. 

Fire  damages  jack  pine  of  all  sizes.  Surface  fires  ' 
kill    seedlings   and    saplings   and   hot    fires  sometiii 



ompletely  kill  pole  stands.  Trees  that  survive  fires  are 
ften  scarred  and  weakened  making  them  poor  risks, 

'rescribed  burning  is  not  recommended  in  immature 
ick  pine  stands.  Firebreaks  should  be  used  to  help 
duce  the  spread  of  wildfires. 

Jack  pine  seedlings  may  be  severely  browsed  by  deer 

ssj/hich  sometimes  kill  trees  up  to  10  years  old.  Browsing 
:ti  jtards  height  growth  and  often  deforms  young  trees. 
ai  )ense  seedling  and  sapling  stands  provide  good  cover  for 
58  nowshoe  hares  that  may  girdle  many  trees  during  high 
opulations.  Porcupines  sometimes  seriously  damage 
Ider  trees  by  stripping  the  soft  bark  near  the  tops  of 

cibrge  trees. 
IS 

Many  insects  attack  jack  pine.  One  of  the  most  serious 
ests  is  the  jack  pine  budworm.  The  budworm  defoliates 

:ees  of  all  sizes  but  the  older,  less  vigorous  trees  growing 
nder  stress,  such  as  on  poor  sites  and  during  droughts, 
iffer  greater  losses.  Losses  are  related  to  the  intensity 
f  defoliation  and  the  vigor  of  the  trees  and  include  tree 

lortality,  reduced  volume  and  lower  quality  caused  by 
3p  kill,  reduced  growth,  and  reduced  seed  production. 
rees    weakened    by    budworm    defoliation    are    more 
isceptible  to  other  insect  pests  such  as  the  ips  bark 
eetle.   Bark  beetle  outbreaks  on  healthy  trees  occur 

I  'hen  the  insect  population  builds  up  in  fresh  slash  or  on 
j(/eakened  trees  and  can  successfully  attack  neighboring 

ji  -ees,  especially   during  drought  conditions.   Vigorous 
,pnds  have  less  risk  of  injury  from  insect  attacks.  Best 
.(jlontrol  measures  are  to  harvest  budworm-infested  stands 

t    40   years   of  age   or  as  soon   as   merchantable   to 
jSiscourage  further  buildup.  Risk  of  bark  beetle  attacks 
ji|n  healthy  trees  can  be  reduced  by  removing  fresh  slash 

rem  around  residual  trees,  such  as  by  full-tree  skidding. 

Other  insects  that  are  found  on  jack  pine  include  the 

line    root   collar   weevil,    several    pine   sawflies,  pitch 
lOdule  maker,  pine  chafer  beetle,  white  pine  weevil, 

.  line   tussock   moth,   pine   tortoise   scale,  eastern   pine 
,  hoot  moth,  pine  tip  moth,  Zimmerman  pine  moth,  pine 
,  vebworm,  and  a  root  tip  weevil.  Although  these  insects 
nay  cause  severe  losses  on  occasion,  the  risk  can  be 

inimized  by  maintaining  vigorous  stands. 

Diseases  of  jack  pine  include  several  stem  rusts  such  as 

^j, (astern    gall    rust,   stalactiform    rust,  sweet   fern   rust, 
Jomandra  rust,  and  western  gall  rust.  Other  important 
liseases  include  Armillarea  root  rot,  Scleroderris  canker, 

nd  Fames  pini.  Trees  weakened  by  drought,  or  by  other 
y  ijuries,  have  the  greatest  risk  of  succumbing  to  attacks. 

Quality 

Jack  pine  tree  quality  is  related  to  size,  form, 
straightness,  branching  habit,  and  damage  caused  by 
injuries.  Low  density  stands  tend  to  have  poorer  quality 
trees  because  of  more  taper,  crookedness,  and  larger 
branches;  but  overdense  stands  with  more  than  2,000 

trees  per  acre  can  produce  weak  spindly  trees  that  are 
also  poor  quahty.  Most  jack  pine  stands  will  probably  be 

managed  for  small  roundwood  products  such  as  pulp- 
wood  but  some  stands  —  especially  on  the  better  sites  — 
can  be  managed  for  poles  and  small  sawtimber  if  the 
trees  are  reasonably  straight,  have  little  taper,  small 
branches,  and  little  or  no  injury  that  will  hinder  their 
growth  and  development.  The  wide  range  of  genetic 
variation  in  jack  pine  makes  it  possible  to  improve  future 
stands  by  selecting  the  best  quality  trees  for  seeding  new 
stands. 

Productivity 

Site  index  is  the  height  attainable  by  the  average 

dominant  and  codominant  trees  in  relatively  pure,  even- 
aged,  and  well  stocked  stands  at  the  age  of  50  years  (see 

page  1 1  and  fig.  4,  Appendix).  The  productivity  of  a 
stand  can  be  estimated  from  its  site  index  with  the  aid  of 

the  growth  and  yield  tables  in  the  Appendix  (tables  3-7). 
Volumes  in  cubic  feet  and  cords  are  shown  for  site 

indices  40,  50,  60,  and  70  at  several  different  ages  and 
for  stand  densities  of  30,  60,  90,  120,  and  150  square 
feet  of  basal  area  per  acre  (tables  4  and  6,  Appendix). 
Current  annual  growth  is  also  shown  for  these  same 
stand  conditions  (tables  5  and  7,  Appendix)  so  that 

growth  of  any  stand  can  be  projected  for  the  next 

growth  period.  If  projections  are  made  for  more  than  10 

years,  it  would  be  best  to  interpolate  a  new  current 
annual  growth  from  the  table  or  use  the  equations  given 
in  the  table  to  compute  the  periodic  annual  growth  for 

the  period  desired. 

Operability 

Markets,  access,  and  volume  of  products  that  are 

removed  determine  operability.  The  value  of  the  product 
is  also  important  so  higher  value  products  will  usually 
make  the  stand  operable  with  lower  volumes.  It  is 

suggested  that  jack  pine  stands  have  a  minimum  volume 
of  100  cords  at  maturity  or  a  minimum  area  of  10  acres 
but  about  40  acres  are  recommended  for  establishing 
new  stands. 



Controlling  Composition  and  Growth 

Release 

Jack  pine  is  so  intolerant  that  it  cannot  survive  long 
with  overhead  shade.  On  very  dry  sites,  however, 

especially  during  droughts,  some  shade  from  trees, 
shrubs,  or  slash  may  be  beneficial  by  lowering  surface 
temperatures  and  reducing  evapotranspiration.  As  soon 
as  seedlings  are  established  they  should  be  given  full 
sunlight  on  all  sites.  Jack  pine  seedlings  grow  rapidly  in 
height  after  the  first  couple  of  years  and  can  usually 
keep  ahead  of  the  competition  except  on  the  better 
sites.  Where  competition  is  more  than  just  a  few  trees  or 
shrubs  the  most  practical  control  method  is  with 
herbicide  foliage  sprays.  The  use  of  chemical  herbicides 
requires  strict  adherance  to  label  instructions.  Two  of 

the  most  useful  herbicides  are  2,4-D  and  2,4,5-T.^  Jack 
pine  may  be  injured  by  these  herbicides  if  spraying  is 
done  too  early.  Spraying  should  be  done  in  the  first  2 
weeks  of  August  for  good  control  of  hardwoods  and 
because  the  risk  of  injuring  jack  pine  is  low.  Most  of  the 

common  competing  species  can  be  controlled  with  2,4-D 
but  blackberries,  raspberries,  roses,  juneberries,  prickly 
ash,  oaks,  and  maples  are  resistant  to  it.  All  of  these 
species  except  the  maples  can  be  controlled  with 

2,4, 5-T.  Maples  are  difficult  to  control  with  foliar  sprays 
but  felling  the  tree  and  spraying  the  stump  with 

chemicals  containing  2,4, 5-T  is  effective. 

Weeding  and  Cleaning 

Overstocking  of  jack  pine  seedlings  and  saplings  occurs 
less  frequently  than  understocking  but  dense  stands  with 
2,000  or  more  trees  per  acre  should  be  weeded  or 
cleaned  for  improved  growth  and  development.  Weeding 
is  done  during  the  seedling  stage  of  stand  development 
and  cleaning  during  the  sapling  stage  to  provide  more 
growing  space  for  the  potential  crop  trees.  Seedling  and 
sapling  stands  do  not  usually  have  merchantable  material 
so  weeding  and  cleaning  are  often  referred  to  as 

"precommercial  thinning".  In  very  dense  stands  (i.e., 
10,000  trees  per  acre)  mechanical  methods  that  clear 
strips  about  8  feet  wide  and  leave  strips  of  trees  about  2 
feet  wide  are  more  efficient  than  operations  that  leave 
800  to  1 ,000  uniformly  spaced  crop  trees. 

Thinning 

Jack  pine  stands  on  the  better  sites  (site  index  60  and 

over)  can  be  thinned  to  about  80  square  feet  of  basal 

area  per  acre  to  increase  the  production  of  poles  an( 

small  saw  logs.  Thinnings  should  not  remove  over  one 
third  of  the  basal  area  to  minimize  post-logging  moi 
tality.  Dense  stands  may  require  a  couple  of  thinnings  t 
safely  reduce  the  basal  area  to  80  square  feet  per  acre 
Removing  every  third,  fourth,  or  fifth  row  is  recorr 
mended  only  when  economics  or  high  stand  densitie 
prevent  marking  individual  trees.  Thinnings  shoul 

generally  be  from  below  —  removing  the  smaller,  slowe 
growing  trees  to  favor  the  larger  crop  trees,  but  high  risl 

poor  quahty,  or  damaged  trees  of  any  size  should  b 
removed  to  improve  the  stand.  In  mixed  stands,  th 
more  valuable  or  desirable  species  should  be  favored.  0 
these  better  sites  jack  pine  is  a  temporary  type  that  wi 
most  likely  be  replaced  by  a  more  suitable  species  at  th 
end  of  the  rotation. 

On  the  less  productive  sites  or  in  stands  managed  fd 
small  roundwood  products  such  as  pulpwood,  thinninn 
are  not  recommended  (fig.  1). 

^See  Pesticide  Precautionary  Statement,  p.  16. 

Figure  1 .  —  Jack  pine  planted  at  7  x  7  foot  spaci, . 

produces  a  uniform  stand  at  age  20  and  will  n  ' 
require  thinning  for  a  pulpwood  rotation  of  40  to  .^ 

years. 



lotation  Ages 

Jack  pine  is  a  relatively  short-lived  species  reaching 
;tjiaturity  between  40  and  70  years  (fig.  2).  Mean  annual 

•owth  in  cords  culminates  earlier  in  high  density  stands 
)[  lan  in  low  density  stands  (table  8,  Appendix).  Low 

snsity  stands  at  older  ages  —  30  square  feet  of  basal 
ea  per  acre  or  less  at  age  40  and  60  square  feet  at  age 

should  be  harvested  and  regenerated  because  they 
ill  not  reach  full  stocking  by  age  70.  Poor  sites  will  not 
!ach  high  basal  area  densities  at  young  ages  but  some 
ands  may  be  overstocked  with  numbers  of  trees  per 

0|;re,    thus    requiring    weeding    or    cleaning   to    avoid 
agnation. 

0 

igure  2.  -  TJiis  jack  pine  stand  is  about  50  years  old 
and  has  reached  the  recommended  rotation  age  for 
pulpwood,  however  another  20  years  is  recommended 
to  produce  poles  and  sawtimber. 

On  the  better  sites  poles  and  small  sawtimber  may  be 

rown  with  70-year  rotations,  especially  in  stands  that 
re  thinned  to  basal  area  densities  of  80  square  feet  per 
ere  at  30  to  40  years  of  age  so  the  trees  maintain  good 
iameter  growth.  Cordwood  production  is  best  in  the 
ienser  stands  and  may  culminate  as  early  as  40  years. 

j    Other  factors  may  require  shorter  rotations  in  some 
J  Stands  to  reduce  the  risk  of  serious  losses.  Budworm 

jury,    disease    attacks,   fire   scars,   or  severe   weather 

tresses  may  indicate  rotation  ages  of  40  years  or  less. 

Stands  on  poor  sites  are  often  under  more  stress  than 
those  on  the  better  sites  and  they  usually  do  not  reach 
merchantable  size  as  early  because  of  slower  growth. 
High  risk  stands  should  be  harvested  at  rotation  ages  of 
40  years  or  as  soon  as  merchantable. 

Rotation  ages  in  stands  managed  primarily  for  re- 
sources other  than  timber  depend  on  the  health  and 

vigor  of  the  stand  and  the  environmental  conditions 
required  for  the  resource.  They  will  not  generally  be 
over  70  years  as  most  stands  become  decadent  about 

that  age  but  they  may  be  any  younger  age  that  provides 
the  needed  conditions. 

Controlling  Stand  Establishment 

Site  Evaluation 

Jack  pine  does  best  on  well  drained  loamy  sands  but  is 
more  common  on  the  dry  sandy  soils  where  it  is  better 
adapted  than  most  other  species.  It  is  also  found  on 
eskers,  sand  dunes,  and  rocky  soils.  Jack  pine  is  an 
intolerant  pioneer  species  that  typically  colonizes  burns 
and  bare  mineral  soil  areas.  Successional  changes  are 
relatively  fast  on  all  but  the  deep  dry  sandy  soils  such  as 
Grayling,  Rubicon,  Plainfield,  Vilas,  and  Menagha  where 
changes  are  often  so  slow  that  jack  pine  is  sometimes 
considered  the  edaphic  climax. 

In  evaluating  sites  for  establishing  jack  pine  stands 
both  the  productivity  and  the  site  preparation  needs 
should  be  considered.  Productivity  of  jack  pine  stands 

can  be  estimated  from  site  index  curves  (fig.  4,  Appen- 
dix, p.  11)  in  combination  wath  stand  volume  tables 

(table  4  or  6,  Appendix,  p.  13  &  14).  Site  preparation 
needs  may  also  be  related  to  site  quality.  Generally  the 

higher  the  site  quality  the  greater  the  need  to  control 

competing  sod,  shrubs,  and  trees  to  favor  the  establish- 
ment of  jack  pine.  On  the  sites  with  strong  tendencies 

toward  successional  change  conversion  to  a  more  valu- 
able or  desirable  species  such  as  red  pine  may  be 

considered. 

Site  Preparation 

Three  major  objectives  of  site  preparation  are  (1) 

treating  the  slash  to  reduce  the  fire  hazard  and  the 
hindrance  to  regeneration,  (2)  controlling  shrubs  and 

other  competition,  and  (3)  exposing  mineral  soil  seed- 
beds. One,  two,  or  all  three  of  these  objectives  may  be 

required,  depending  on  the  site  conditions  (fig.  3). 



Figure  3.  —  Some  kind  of  site  preparation  is  usually 
needed  after  harvesting  mature  jack  pine  to  dispose  of 
slash,  remove  unwanted  trees  and  shrubs,  and  expose 
mineral  soil  seedbeds. 

Slash  treatments  include  removing  it  from  the  area 
such  as  by  pushing  it  aside  with  a  bulldozer  and  by 

full-tree  skidding,  or  modifying  the  slash  on  the  area. 
Modifying  the  slash  on  the  area  includes  prescribed 
burning,  chipping,  discing,  chopping,  and  breaking  it  up 
with  various  types  of  drags.  The  method  of  slash 
treatment  should  be  selected  according  to  the  results 
desired  and  to  fit  as  many  of  the  other  site  preparation 
needs  of  the  area  as  possible. 

Controlling  shrubs  and  other  competition  may  be 
accomplished  while  treating  the  slash  or  may  require 
another  operation.  Light  shrub  cover  can  be  controlled 

by  full-tree  skidding,  hand-cutting,  hand-scalping,  or 
machine  scalping  such  as  with  furrowing  plows  and 
specially  designed  scalping  cultivators.  Medium  shrub 

cover  may  require  discing  or  roller-chopping,  and  heavy 
shrub  cover  often  requires  bulldozing,  shearing,  rock 
raking,  root  raking,  prescribed  burning,  or  the  use  of 
herbicides.  Combinations  of  these  methods  may  be 
needed  in  some  cases  to  obtain  the  desired  results.  Sod 

competition  presents  a  special  problem  and  should  be 
controlled  in  conjunction  with  preparing  seedbeds. 

The  best  jack  pine  seedbeds  are  bare  mineral  soil. 

Seedbeds  of  mixed  humus  and  mineral  soil  are  generally 
not  as  good  because  roots  and  seeds  in  the  humus  result 

in  increased  competition.  Prescribed  burning  leaves  a 
seedbed  that  is  more  variable.  If  the  fire  is  hot  enough  to 
consume  most  of  the  humus,  the  seedbed  is  almost  as 

good  as  bare  mineral  soil,  but  if  an  inch  or  so  of  th 
humus  remains,  the  seedbed  is  more  Hke  those  prepare 

by  mixing  the  humus  and  mineral  soil.  Light  fires  c 
spring  fires  that  leave  most  of  the  humus  unburned  d 
not  prepare  good  seedbeds.  Undisturbed  humus  is  als 
considered  a  poor  seedbed  under  most  condition 
Differences  among  the  various  seedbeds  may  be  sma 
when  weather  conditions  for  germination  and  su^viv^ 

are  good,  but  when  they  are  not,  seedbeds  can  determir 
success  or  failure.  Many  kinds  of  mechanical  equipmer 
can  be  used  to  prepare  scalped  or  mixed  humus  seedbe( 
including  most  of  those  described  for  controlling  shrub 
Prescribed  burning  should  be  limited  to  areas  that  ha\ 
sufficient  fuels  (including  slash)  for  hot  enough  fires  t 

prepare  good  seedbeds. 

Silvicultural  Systems 

Jack  pine  seedlings  require  full  sunlight  to  be  success 
fully  established.  Clearcutting,  seed  tree,  or  shelterwoo 
silvicultural  systems  may  be  appropriate  depending  o 
the  stand  and  site  conditions. 

Clearcutting  is  the  recommended  silvicultural  systei 
for  harvesting  mature  trees  where  a  new  stand  will  h 
established  by  planting  improved  seedlings,  direct  see( 
ing,  or  scattering  serotinous  cones  from  high  qualit 
trees.  Clearcutting  may  also  be  appropriate  for  matui 
stands  that  have  an  understory  of  fully  stocked  seedling 

Some  jack  pine  stands  were  established  by  seeding  froi 

the  cull  trees  left  on  pine-harvested  areas  and  some  ( 
the  planting  stock  used  in  plantations  was  grown  froii 
seed  of  other  geographic  areas  and  sometimes  even  froi 
poor  quality  open  grown  trees.  If  the  mature  stand  is  nc 
a  suitable  seed  source  for  regenerating  a  new  seedlir 

stand,  prescribed  burning  followed  by  planting  or  direc 

seeding  with  a  desirable  seed  source  should  be  coi' 
sidered.  If  the  tree  quality  is  desirable  and  the  cones  ai 
serotinous,  a  new  seedling  stand  can  be  established  b 

scattering  cone-bearing  branches  on  bare  mineral  so 
seedbeds.  The  heat  near  the  ground  surface  will  open  ih\ 
cones  and  release  the  seed.  The  branches  will  provic: 
light  beneficial  shade  during  germination  but  care 
needed  to  avoid  accumulations  of  slash  that  migl 
interfere  with  later  seedhng  development  or  present 
fire  hazard  during  the  most  vulnerable  seedling  stage  ( 
development. 

The  seed  tree  system  is  recommended  as  a  possibfe 
alternative    for    stands    that   have    10  well-distribute( 

desirable  quality  seed  trees  per  acre  with  an  abundar 
supply  of  serotinous  cones.  Prescribed  burning  is  recon 
mended   to  consume   the   slash,   kill   the  competitioi 



prepare  favorable  seedbeds,  and  open  the  serotinous 
cones  on  the  seed  trees  to  seed  the  area.  Careful 

selection  of  high  quality  seed  trees  can  improve  the 
quality  of  the  seedHng  stand.  It  is  important  to  burn  the 
slash  soon  after  harvesting  to  minimize  the  risk  of  losing 
seed  trees  by  windthrow  before  the  cones  are  opened  by 
the  fire  and  the  seeds  dispersed.  Jack  pine  slash  requires 
about  a  month  of  warm,  dry  weather  to  cure  adequately 
for  effective  burning.  Early  spring  fires  will  result  in 
seeding  at  the  most  favorable  season  but  late  fall 
fires  may  be  almost  as  effective  if  the  seed  overwinters 
safely  for  early  spring  germmation.  If  weather  conditions 
Following  seed  dispersal  are  unfavorable  for  seedling 

establishment,  direct  seeding  or  planting  may  be  re- 
quired as  the  seed  trees  will  have  been  killed  by  the  fire. 

The  shelterwood  system  is  recommended  only  for 
ngorous,  well  stocked  stands  with  30  to  40  square  feet 
jf  basal  area  per  acre  in  desirable  quality  trees  with 

lonserotinous  cones  that  can  be  left  after  the  regenera- 
iion  cut  to  seed  the  area.  Site  preparation  as  discussed 

inder  "Site  Evaluation"  is  an  important  requirement  to 
issure  seedling  establishment.  The  removal  cut  should  be 
nade  as  soon  as  the  seedling  stand  has  60  percent 
nilacre  stocking  or  within  10  years.  Prompt  removal  of 

■'^he  shelterwood  overstory  will  minimize  volume  losses 
due  to  mortality  following  the  regeneration  cut,  seedling 
osses  due  to  logging  damage  and  suppression,  and  will 

deduce  the  risk  of  budworm  buildup  in  the  overstory  and 

"Subsequent  defoliation  of  seedlings. 

fonversion 

Jack  pine  is  a  pioneer,  temporary  type  on  nearly  all 

'"  iites  except  the  dry  sandy  soils.  Successional  forces 
'"  generally  increase  as  site  quality  increases  adding  to  the 
*  lifficulty  of  maintaining  jack  pine  on  better  sites.  Many 
"^  bf  the  other  species  that  are  better  adapted  to  these  sites iV 

SI 

are  also  more  productive  and  more  valuable.  On  such 
areas  jack  pine  should  be  converted  to  another  forest 

type  at  the  end  of  the  rotation. 

In  mixed  stands  the  conversion  may  be  accomplished 

gradually  by  harvesting  the  jack  pine  in  several  cuts  if 
the  more  desirable  species  have  sufficient  stocking.  If 
there  is  insufficient  stocking  of  the  other  species  or  the 
stand  is  essentially  pure,  jack  pine  should  be  converted 
by  clearcutting  and  planting  either  red  pine  or  white 

spruce,  depending  on  the  site. 

Seeding  and  Planting 

In  areas  where  favorable  soil  moisture  conditions  can 

be  expected  as  a  result  of  a  water  table  within  a  few  feet 
of  the  surface,  or  frequent  precipitation  during  the 
period  of  germination  and  early  seedling  development,  it 
will  be  possible  to  establish  a  seedling  stand  by  direct 

seeding  repellent-treated  seed.  Seed  should  be  coated 
with  bird  and  rodent  repellents  (such  as  Arasan)  and 
sown  at  the  rate  of  20,000  viable  seeds  per  acre  (about  3 
ounces)  early  in  the  spring  to  take  advantage  of 
snowmelt  waters  for  germination.  Although  jack  pine  is 
one  of  the  most  successful  species  for  direct  seeding, 
failures  can  be  expected  if  precipitation  is  lacking  for 
more  than  a  few  days  during  seed  germination  or  more 

than  a  week  during  early  seedling  establishment,  es- 
pecially on  the  droughty  soils.  Usually  the  seedbeds  on 

these  sites  will  be  suitable  for  reseeding  the  second  or 
third  year  if  unusually  poor  weather  conditions  cause 
the  first  seeding  to  fail. 

Some  areas  that  have  been  unsuccessfully  seeded  will 

require  planting  as  will  many  areas  with  deep,  dry  sandy 
soils.  Bare  root  stock  should  be  planted  only  in  the 

spring  but  container-grown  stock  can  be  planted  in  the 
summer  as  well.  About  a  6-  to  8-foot  spacing  is  usually 
recommended  for  jack  pine. 

OTHER  RESOURCE  CONSIDERATIONS 

Recreation 

Jack  pine  stands  can  be  an  important  part  of  the  visual 
esource  for  recreation.  Harvesting,  site  preparation,  and 

[egeneration  practices  make  major  changes  in  the  appear- 
iiit:  ince  of  an  area  and  require  careful  planning  and 
ii  Execution  to  ultimately  achieve  the  esthetic  appeal  that 

■g  js  desired.  The  size  and  shape  of  harvested  areas  can  be 
ill!  ?ery  effective  in  improving  the  overall  appearance  of 

some  areas  if  they  are  tailored  to  the  general  surround- 
ings. Good  workmanship  and  cleanup  are  musts  to 

improve  the  recreational  values  on  any  area.  On  devel- 
oped recreation  areas  we  recommend  that  jack  pine  be 

gradually  converted  to  a  species  that  is  less  sensitive  to 
disturbance  and  longer  lived. 

Opportunities  for  blueberry  picking,  an  activity  en- 
joyed by  many  people,  may  be  increased  on  some  jack 



pine  areas  during  the  regeneration  period,  especially  if 

site  preparation  methods  -  such  as  prescribed  burning  or 
scarification  -  prune  the  tops  of  blueberry  bushes 
without  damaging  their  roots  so  that  vigorous  new 
shoots  develop  to  produce  large  crops  of  blueberries. 

Water 

Management  of  jack  pine  stands  that  cover  only  a  part 
of  a  watershed  should  be  coordinated  with  management 
of  other  areas  in  that  watershed  to  maintain  even  annual 

flows  of  high  quality  water.  Forests  that  cover  whole 
watersheds  will  minimize  seasonal  fluctuations  and 

stabilize  annual  flows  when  they  are  fully  regulated. 
Care  is  needed  in  harvesting  trees  near  streams  and  lakes 
to  prevent  soil  and  debris  from  getting  into  the  water. 
Some  stream  crossings  may  require  culverts.  Careful 
planning  of  landings  and  trails  should  keep  stream 
crossings  to  a  minimum.  Heavy  equipment  should  be 
kept  away  from  shorelines  and  stream  banks  to  prevent 
soil  from  eroding  into  the  water.  Trees  should  be  felled 
away  from  the  water  and  winched  when  necessary  to  the 
nearest  skid  trail.  Intermittent  stream  channels  should 

not  be  used  for  skidding.  Timber  harvesting  when  soils 

are  frozen  will  reduce  erosion  hazards  on  some  areas. 

Wildlife 

Jack  pine  is  generally  considered  a  medium  preference 
deer  food,  the  same  as  aspen.  Young  trees  may  be 

heavily  browsed  where  deer  populations  are  high.  Dense 
sapling  and  pole  stands  offer  some  wind  protection  anc 
winter  shelter  but  generally  jack  pine  stands  do  noi 
provide  as  good  winter  shelter  as  most  other  conifers 
Because  older  stands  of  jack  pine  are  usually  less  dense 
than  other  conifers,  the  understory  shrubs  and  herba 

ceous  plants  have  better  growth  and  thus  provide  ; 
better  food  supply. 

Some  wildlife  species  benefit  from  special  stane 
conditions  such  as  the  excellent  cover  that  dense  younj 

stands  of  jack  pine  provide  for  hares.  Clumpy  stands  o 
young  trees  with  branches  reaching  the  ground  provid( 

nesting  sites  for  the  endangered  Kirtland's  Warbler  in  thi 
Lower  Peninsula  of  Michigan.  Most  wildlife  species  tha 
find  food  or  shelter  in  jack  pine  forests  will  benefit  front 
management  efforts  to  provide  a  good  distribution  o 

age  classes. 
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Site  Index,  Stocking 
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Figure  4.  —  Jack  pine  site  index  curves.  Based  on  the 
equation  by  Lundgren  and  Dolid  (1970): 

height  =  1.633  (site  index)  (I  -  e  -0.02233  (age)j  1.2419 
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Figure  5.  -  Stocking  chart  for  jack  pine  stands.  Recommended  upper  limit  (A  curve)  is  based  on  stand 
tables  from  Eyre  and  LeBarron  (1944)  and  adjusted  to  approximately  85  percent  stocking  for 
poletimber  and  100  percent  stocking  for  sawtimber  stands.  Minimum  stocking  (B  curve)  is  based  on 

crown  width  for  open-grown  trees  from  Bella  (1967). 



Growth  and  Yield 

Table  1. Estimated  average  d.b.h.  in  20-year-old  jack 

pine  stands 

Table  2. 

Site   : 
index  : 

Number  of  trees 

per 

acre 

500   : 1000   : 1500 : 2000 

Feet 

70 
60 
50 
40 

4.4 
3.8 

3.2 2.5 

-  -  Inches 

4.0 
3.4 2.9 
2.3 

3.7 
3.1 
2.6 

2.1 

3.3 
2.9 

1.9 

Source:   Laidly,  Paul.   1976. 
Unpublished  analysis  of  jack  pine  growth 
studies  at  the  Northern  Conifers  Labora- 

tory, Grand  Rapids,  Minnesota. 

Estimated  basal  area  per  acre  in  20-year-o 

jack  pine  stands 

Site   : 
index  : 

Number  of  trees 

per 

acre 

500   : 
1000   : 1500 :   2000 

Feet -  -  -  - 
-  Square  f 

set  - 

-  -  -  - 

70 53 87 112 
119 

60 39 63 79 

92 50 

28 46 55 

63 

40 

17 

29 

36 39 

Source:   Laidly,  Paul.   1976. 
Unpublished  analysis  of  jack  pine  growth 
studies  at  the  Northern  Conifers  Labora- 

tory, Grand  Rapids,  Minnesota. 

Table  3.  —  Current  annual  basal  area  growth  per  acre^ 
for  jack  pine  stands  by  site,  age,  and  stand  density 

SITE INDEX 70 
Total 

age 

:  Total 

:  height 
:  Stand density  basal area  per acre 
:   30   : 60 :   90   : 120   : 150 

Years 
Feet 

-_<?(- 

juare  feet   -  -  - 

-  - 

20 
32 3.8 

4.9 
5.0 4.1 

30 
47 2.1 2.8 

2.8 

2.3 

1.2 40 
59 

1.4 
1.8 

1.9 1.5 
.8 

50 
70 1.0 

1.3 
1.4 1.1 

.6 

60 78 
.8 

1.1 1.1 .9 

.5 

70 
85 .7 .9 .9 .7 .4 

SITE INDEX 60 20 
28 

3.4 
4.5 4.6 — — 

30 40 1.9 
2.5 2.6 2.1 

— 
40 

51 

1.3 1.6 1.7 1.4 

.7 

50 
60 

.9 

1.2 

1.2 
1.0 

.5 

60 
67 .7 1.0 

1.0 
.8 

.4 

70 73 
.6 

.8 

.8 .7 .4 

SITE INDEX 

50 20 

23 

3.1 
4.0 — — — 

30 
34 1.7 

2.2 
2.3 

— — 
40 

42 
1.1 

1.5 1.5 
1.2 — 

50 
50 

.8 
1.1 

1.1 .9 

.5 

60 
56 

.7 

.9 .9 

.7 

.4 

70 61 
.6 

.7 

.7 .6 .3 

SITE 
INDEX 40 20 

18 2.7 — — — — 

30 27 1.5 1.9 1.3 — — 

40 
34 

1.0 
1.3 

1.3 — — 

50 40 
.7 .9 

1.0 .8 — 

60 
45 

.6 

.8 

.8 

.6 

.3 

70 
49 

.5 .6 
.6 .5 .3 

^Based  on    the   equation:      current   annual  basal 

area  growth  per  acre  =  0.276    (site   index) "^-^^  Exp 
(-4  Exp    (-29.18/Age))    (1  +  0.56    (basal  area)    - 
0.00338    (basal   area)2). 

Source:      Laidly,    Paul.      1976.      Unpublished 
analysis   of   jack  pine   growth   studies   at  Northern 
Conifers   Laboratory,    Grand  Rapids,   Minnesota. 
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able  4.  —  Volume  in  cubic  feet^  per  acre  for  jack  pine 
stands  by  site,  age,  and  stand  density 

SITE  INDEX  70 
Total 

Age 

Total 

height 

: Stand  d enslty 
-  basal 

area  per  acre 
:   30   : 60   : 90   : 

120 150 

leOTB Feet Cunite (100  cubic  feet)  per acre 

20 32 3.9 7.8 11.8 15.7 
30 47 5.7 11.5 17.3 

23.0 28.8 
40 59 7.2 14.5 21.7 28.9 

36.2 
50 70 8.6 17.2 25.7 34.3 

42.9 

60 78 9.6 19.1 28.7 38.2 47.8 
70 85 10.4 20.8 31.2 41.7 52.1 

SITE  INDEX 
60 

20 28 3.4 6.9 10.3 — — 
30 40 4.9 

9.8 14.7 19.6 — 
40 51 6.2 12.5 18.8 25.0 31.2 

50 60 7.4 14.7 22.1 29.4 36.8 
60 67 8.2 16.4 

24.6 32.8 41.1 

70 73 8.9 17.9 26.8 
35.8 

44.7 

SITE  INDEX 50 
20 23 2.8 5.6 — — — 
30 34 4.2 8.3 12.5 — — 
40 42 5.1 10.3 

15.4 
20.6 — 

50 50 6.1 12.3 18.4 24.5 30.6 

60 56 6.9 13.7 20.6 27.4 
34.3 

70 61 7.5 15.0 22.4 29.9 37.4 

SITE  INDEX 40 
20 18 2.2 — — — — 
30 27 3.3 6.6 — — — 
40 34 4.2 8.3 12.5 — — 
50 40 4.9 9.8 14.7 19.6 — 
60 45 5.5 11.0 16.5 22.1 27.6 
70 49 6.0 12.0 18.0 24.0 30.0 

Gross  cubic-foot  peeled  volume  entire 
of  all  trees  based  on  equation: 

Volume  =  .4085  (basal  area  x  height). 
Source:   Buckman,  Robert  E.   1961. 

Table  5.  —  Current  annual  cubic  foot  growth^  per  acre 
for  jack  pine  stands  by  site,  age,  and  stand  density 

SITE 
INDEX 70 

Total 

age 

:  Total 

height 

: Stand  density 

-  basal 

area  per acre 

:   30   : 60 

■   90   : 

120   : 150 
Years 

Feet -  -  - -  -  Cubic  feet -   -  - 
20 

32 72 

106 127 

135 

30 47 59 90 
107 

114 

110 

40 59 48 

71 

87 91 87 
50 70 

40 

60 74 76 73 
60 78 36 55 65 68 65 
70 85 

32 

46 54 

54 

51 

SITE 
INDEX 

60 

20 28 

57 

86 
103 

— — 
30 40 47 71 88 94 — 
40 

51 40 

58 

73 

79 76 

50 

60 

32 

49 

59 

64 

61 
60 67 28 

45 

53 56 

54 

70 73 

24 36 

42 

45 

43 

SITE 
INDEX 

50 
20 

23 

44 

66 — — — 
30 34 37 

56 

70 — — 
40 42 

29 46 

56 

60 — 

50 

50 

25 

40 

49 

53 

53 

60 

56 

22 

33 39 41 

40 

70 61 

20 27 

32 

35 

32 

SITE 
INDEX 40 

20 

18 

32 

— — — — 30 

27 27 41 — — — 
40 

34 

21 33 40 — — 
50 40 18 27 

35 38 

— 
60 45 16 

25 

30 

31 

30 
70 

49 15 22 

27 30 

30 

Based  on  thi 
cubic-foot  peeled 

all  trees  =  .4085 
+  height  growth  x 
X  height  growth) . 

e  following  equation:   gross 

volume  growth  entire  stems  of 
(basal  area  growth  x  height 
basal  area  +  basal  area  growth 



Table  6.  -    Volume  in  cords  per  acre^  for  jack  pine 
stands  by  site,  age,  and  stand  density 

SITE  INDEX  70 

Total 

age 

Total 
•  height 

: Stand  density 
-  basal 

area 
per  acre 

:   30   : 60 :   90   : 120 :   150 

Years Feet 
-  Cords -  -  - -  -  -  - 

30 47 5.6 11.2 16.7 
22.3 — 

40 59 7.0 14.0 21.0 28.0 
35.0 

50 70 8.3 16.6 24.9 33.2 
41.6 

60 78 9.3 18.5 27.8 37.0 46.3 

70 85 10.1 20.2 30.3 40.4 50.5 
SITE INDEX 60 

30 40 4.7 9.5 14.2 
— — 

UO 51 6.1 12.1 18.2 24.2 — 
50 60 7.1 14.2 21.4 28.5 

35.6 
60 67 8.0 15.9 24.0 31.8 39.8 

70 73 8.7 17.3 26.0 
34.7 

43.3 
SITE INDEX 

50 40 
42 5.0 10.0 15.0 

— — 
50 50 5.9 11.9 17.8 23.7 — 
60 56 6.6 13.3 19.9 26.6 

33.2 70 61 7.2 
14.5 21.7 29.0 36.2 

SITE INDEX 40 
40 

34 
4.0 8.1 — — — 

50 40 4.7 9.5 14.2 — — 
60 45 5.3 10.7 16.0 21.4 — 
70 49 5.8 11.6 17.5 23.3 29.1 

Based  on  the  equation:   Volume  =  .003958 
(basal  area  x  height).   Includes  gross  cordwood 
volume  in  rough  cords  of  all  stems  per  acre  3.6 
inches  d.b.h.  and  larger  to  a  variable  top  d.i.b. 
of  not  less  than  3  inches. 

Source:   Buckman,  Robert  E.   1961. 

Table  7.  - 
-  Current  annual  cordwood  growth ' per  acnt\ 

for  jack  pine  stands  by  site,  age,  and  stand  density       1 
SITE INDEX 70 

Total  : 

age   : 

Total 

height 

: Stand  d 
enslty 

-  basa 

I  area 
per  acre :   30   : 

60 

90 

:   120 
:   150 

YeoTB Feet 

■  Cords 

 
 

i 

30 

47 

0.6 
0.9 1.0 1.1 - 40 

59 

.5 .7 .8 .9 .8 

50 

70 .4 .6 

.7 

.7 .7  1 
60 78 .3 

.5 .6 

.7 

.6 

70 85 

.3 .4 .5 .5 

.5  1 

SITE 

INDEX 
60 . 

30 

40 

.5 .7 .8 

— 

—  I 

40 

51 

.4 .6 .7 .8 

—  1 

50 

60 .3 

.5 .6 .6 

.6  i 60 67 

.3 

.4 

.5 .5 .5  ! 

70 73 .2 .4 

.4 .4 

.4   1 

SITE INDEX 50 

-\ 

40 

42 

.3 

.4 

.5 

— — 

50 

50 

.2 

.4 

.5 

.5 

— 
60 56 

.2 

.3 

.4 

.4 .4 
70 61 .2 

.3 

.3 

.3 .3 

SITE 

INDEX 

40 

40 34 .2 .3 — — — 
50 40 

.2 

.3 

.3 

— — 
60 

45 

.2 .2 

.3 .3 

— 70 

49 .1 

.2 .3 .3 

.3 

Hi ised  on the  equation: Cordwood  growth  = .003958 

(basal 

area  growth  x  Y eight  +  heigh 
t  growth X  basal 

area  + 
basal  area  growth  x  he ight  growth). Includes 

gross 

cordwood 

growth 

in  roL 

igh  cor 

ds  of  all 

stems  per  acre 3.6  inches  d.b. h.  and larger to  a 
variable top  d i.b.  of  not  less  than 3  inch es. 

Table  8.  —  Recommended  rotation  ages  for  jack  pine  stands  without 
future  thinnings  by  present  stand  age  and  density;  and  mean  annual 
growth  in  cords  for  the  recommended  rotations  by  site  index 

ROTATION  AGE 

Present 

age 
:Present  stand  density  ■ 

-  basa 

L  area  per  acre  (square  feet)  | 
:    30 :      60 : 90 :     120 

Years 
-  -  Years 

20 70 
60 

50 40 
30 70 70 50 

40 

40 — 70 60 50 

50 
— — 70 60 

MEAN  ANNUAL  GROWTH                        | 
. SITE 

INDEX 70 
_  _  _  _ 

-  -  Cords -  _  _  _ 
20 

0.6 

0.7 0.8 
0.9 30 .4 

.6 

.7 .8 40 — 
.5 .6 .7 

50 — — .5 .7 
SITE 

INDEX 

60 
20 

.5 .6 .7 

— 
30 

.3 .5 

.6 .7 
40 — .4 

.5 

.6 

50 
— — 

.4 .6 

SITE INDEX 

50 

20 
.4 

.5 

— — 
30 

.3 

.4 

.5 

— 
40 — 

.3 

.4 

.5 

50 — — .4 

.5 

SITE 
INDEX 

40 20 .3 
— — — 

30 
.2 .3 

— — 40 — .2 

.3 

— 
50 — — 

.3 

.4 

Calculated  from  basal  area  growth  equation  (table  3) 
cordwood  volume  equation  (table  6) .  Rough  cords  for  trees 

inches  d.b.h.  and  larger  to  a  3-inch  top  d.i.b. 

and 
3.6 
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Metric  Conversion  Factors 

■invert to Multiply  by 

I  res Hectares 0.405 

lard  feet' Cubic  meters 0.005 

. lard  feet/acre' Cubic  meters/hectare 0.012 

c  <alns Meters 20.117 

.(rds' Cubic  meters 2.605 

(ids/acre' Cubic  meters/hectare 6.437 
(bic  feet Cubic  meters 0.028 

-(jblc  feet/acre Cubic  meters/hectare 0.070 

-Iigrees  Fahrenheit Degrees  Celsius 
2 

■llet 
Meters 0.305 

-  (lions Liters 3.785 
c  (lions/acre Liters/hectare 9.353 

-  :,ches Centimeters 2.540 

_  Mes Kilometers 1.609 

' lies/hour 
Meters/second 0.447 

~ Imber/acre Number /hectare 2.471 
(nces Grams 28.350 
(nces/acre Grams/hectare 70.053 
I'.nds Kilograms 0.454 

-  l:i:nds/acre Kilograms /hectare 1.121 

_  Jinnds/gallon Kilograras/liter 0.120 
luare  feet Square  meters 0.093 
liiare  feet/acre Square  meters/hectare 0.230 
'ns Metric  tons 0.907 
■ns/acre Metric  tons/hectare 2.242 

The  conversion  of  board  feet  and  cords  to  cubic 

Iters  can  only  be  approximate;  the  factors  are  based 
1  an  assumed  5.663  board  feet  (log  scale)  per  cubic 
ot  and  a  cord  with  92  cubic  feet  of  solid  material. 

^To  convert  °F  to  °C,  use  the  formula  5/9  (°F-32) °F-32. 
1.8 

Common  and  Scientific 

Names  of  Plants  and  Animals 

Common  name  Scientific  name 

Plants 

Aspen,  bigtooth   Populue  gmndidentata 
quaking     Populue   tremuloidee 

Birch,  paper     Betula  papyrifera 
Blackberries      Rubue  occidentalis 

Blueberries     Vaccinium  epp. 
Comandra  rust     Cronartium  oomandpae 

Eastern  gall  rust     Cronartium  querauum 
Fir,  balsam     Abies  balsamea 
Hazel   Coryliie  epp. 
Juneberrles     Amelanchier  spp. 
Maple,  red   Acer  ruhrum 

sugar   Acer  sacchamm 
Oak,  bur  (scrub)      Quercus  macrocarpa 

no.  pin     Quercus  ellipsoidalis 
no.  red   Quercus  rubra 

Pine,  lack   Pinus  banksiana 
red     Pinus  resinosa 
white     Pinus  strobus 

Prickley  ash      Xanthoxylum  americanum 
Raspberries     Rubus  strigosus 
Root  rot   Armillarea  mellia 
Roses   Rosa  spp. 
Spruce,  black     Picea  mariana 

white     Picea  glauca 
Stalactiform  rust     Cronartium  coleosporioidee 
Sv;eetfern   Comptonia  peregrina 
Sweetfern  rust      Cronartium  oomptoniae 
Tar  spot  needle  cast   Davisomyaella  ampla 
Western  gall  rust     Peridermium  harknessii 

Animals 

Bark  bettle    Ips  pini 
Deer      Odocoileus   virginianus 
Eastern  pine  shoot  moth  ....  Eucosma  sonomana 
Hare    Lepus  americanus 
Jackpine  budworm     Choristoneura  pinus 
Kirtland's  Warbler      Dendroiaa  kirtlandii 
Mice      Microtus  pennsylvanicus 
Pine  chafer  beetle      Anomala  oblivia 

Pine  root  collar  weevil  ....  Hylobius  radicis 
Pine  tip  moth    Rhyacionia  adana 
Pine  tortoise  scale     Toumeyella  numismaticum 
Pine  tussock  moth     Dasychira  plagiata 
Pine  webworm     Tetralopha  robustella 
Pitch  nodule  maker      Petrova  albicapitana 
Porcupine     Erethizon  dorsatvm 
Root  tip  weevil    Hylobius  spp. 
Sawflles      Heodiprion  spp. 
White  pine  weevil     Pissodes  strob. 
Zimmerman  pine  moth     Dioryctria  zimmermani 



PESTICIDE  PRECAUTIONARY  STATEMENT 

Pesticides  used  improperly  can  be  injurious  to  man,  animals,  and  plants.  Follow  the 
directions  and  heed  all  precautions  on  the  labels. 

Store  pesticides  in  original  containers  under  lock  and  key  —  out  of  the  reach  of  children 
and  animals  —  and  away  from  food  and  feed. 

Apply  pesticides  so  that  they  do  not  endanger  humans,  livestock,  crops,  beneficial 
insects,  fish,  and  wildlife.  Do  not  apply  pesticides  when  there  is  danger  of  drift,  when 
honey  bees  or  other  pollinating  insects  are  visiting  plants,  or  in  ways  that  may 
contaminate  water  or  leave  illegal  residues. 

Avoid  prolonged  inhalation  of  pesticide  sprays  or  dusts;  wear  protective  clothing  and 
equipment  if  specified  on  the  container. 

If  your  hands  become  contaminated  with  a  pesticide,  do  not  eat  or  drink  until  you  have 
washed.  In  case  a  pesticide  is  swallowed  or  gets  in  the  eyes,  follow  the  first-aid  treatment 
given  on  the  label,  and  get  prompt  medical  attention.  If  a  pesticide  is  spilled  on  your  skin 
or  clothing,  remove  clothing  immediately  and  wash  skin  thoroughly. 

Do  not  clean  spray  equipment  or  dump  excess  spray  material  near  ponds,  streams,  or 
wells.  Because  it  is  difficult  to  remove  all  traces  of  herbicides  from  equipment,  do  not  use 
the  same  equipment  for  insecticides  or  fungicides  that  you  use  for  herbicides. 

Dispose  of  empty  pesticide  containers  promptly.  Have  them  buried  at  a  sanitary 
land-fill  dump,  or  crush  and  bury  them  in  a  level,  isolated  place. 

Note:  Some  States  have  restrictions  on  the  use  of  certain  pesticides.  Check  your  State  and 
local  regulations.  Also,  because  registrations  of  pesticides  are  under  constant  review  by 
the  Federal  Environmental  Protection  Agency,  consult  your  county  agricultural  agent  or 
State  extension  specialist  to  be  sure  the  intended  use  is  still  registered. 
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FOREWORD 

This  is  one  of  a  series  of  manager's  handbooks  for  important  forest 
types  in  the  north  central  States.  The  purpose  of  this  series  is  to  present 
the  resource  manager  with  the  latest  and  best  information  available  on 
handling  these  types.  Timber  production  is  dealt  with  more  than  other 
forest  values  because  it  is  usually  a  major  management  objective  and 

more  is  generally  known  about  it.  However,  ways  to  modify  manage- 
ment practices  to  maintain  or  enhance  other  values  are  included  where 

sound  information  is  available. 

The  author  has,  in  certain  instances,  drawn  freely  on  unpublished 
information  provided  by  scientists  and  managers  outside  his  specialties. 
He  is  also  grateful  to  the  several  technical  reviewers  in  the  region  who 
made  many  helpful  comments. 

The  handbooks  have  a  similar  format,  highlighted  by  a  "Key  to 
Recommendations".  Here  the  manager  can  find  in  logical  sequence  the 
management  practices  recommended  for  various  stand  conditions. 

These  practices  are  based  on  research,  experience,  and  a  genercJ  silvical 
knowledge  of  the  predominant  tree  species. 

All  stand  conditions,  of  course,  cannot  be  included  in  the  handbook. 

Therefore,  the  manager  must  use  technical  skill  and  sound  judgment  in 
selecting  the  appropriate  practice  to  achieve  the  desired  objectives.  The 
manager  should  also  apply  new  research  findings  as  they  become 
available  so  that  the  culture  of  these  important  forest  types  can  be 
continually  improved. 



RED  PINE 

IN  THE  NORTH-CENTRAL  STATES 

John  W.  Benzie,  Principal  Silviculturist 
Grand  Rapids,  Minnesota 

SILVICAL  HIGHLIGHTS 

A  century  ago  red  pine'  made  up  about  a  third  of  the 
I  million  acres  of  pine  forests  in  Minnesota,  Wisconsin, 
id  Michigan;  today  it  covers  only  a  little  more  than  1 

illion  acres  —  mostly  acreage  planted  since  1930. 

Red  pine  on  the  drier  sites  grows  in  pure  stands  and  in 
ixtures  with  jack  pine,  aspen,  paper  birch,  and  scrub 
\ks;  on  the  more  moist  sites  with  white  pine,  red 
aple,  red  oak,  balsam  fir,  and  white  spruce.  Red  pine 
ows  best  on  well  drained  sandy  to  loamy  soils  but  the 
ee  is  most  common  on  sandy  soils  where  site  index 

;iay  range  from  45  to  75  feet  at  50  years  of  age. 

Red  pine  is  shade  intolerant  and  long-lived;  some 
ands  reach  200  years  of  age,  and  some  individual  trees 
jout   400   years,   but    commercial  rotation  ages  are 

generally  between  60  and  120  years.  Red  pine  often 
succeeds  its  less  tolerant  and  shorter-lived  associates  such 

as  jack  pine,  paper  birch,  and  the  aspens;  in  turn  it  is 
succeeded  by  its  more  shade  tolerant  associates  that 
regenerate  in  the  understory  more  easily.  Wildfires 
occasionally  disrupt  ecological  succession  and  a  few 

thick-barked,  old-growth  trees  usually  survive  to  estab- 
lish a  pure  seedling  stand  or  a  mixed  stand  of  red  pine 

and  other  intolerant  species. 

Seed  production  in  mature  red  pine  is  irregular;  heavy 
crops  occur  at  intervals  of  10  years  or  more.  Red  pine 

phenotypes  are  very  homogenous  showing  httle  variation 
over  the  entire  range.  In  some  localities  red  pine  suffers 
losses  from  diseases,  insects,  mammals,  and  weather,  but 

it  generally  has  fewer  natural  enemies  than  its  associated 

species. 

MANAGEMENT  OBJECTIVES  AND  NEEDS 

Management  objectives  considered  in  this  handbook 
e  to  control  the  establishment,  composition,  and 
rowth  of  red  pine  forest  stands  so  that  intermediate 
dnnings  will  provide  useful  products  such  as  pulpwood, 
psts,  poles,  cabin  logs,  piling,  and  small  sawtimber,  and 
lie  final  harvest  will  yield  high  quality  sawtimber  and 
sneer.  The  management  of  red  pine  forest  stands 

iroughout  their  rotation  for  other  uses  such  as  recrea- 
on,  wildlife  habitat,  and  watersheds  is  also  covered  and 

iiggestions  are  given  for  increasing  these  benefits. 

Although  it  is  possible  to  grow  red  pine  in  either 

/en-aged  or  uneven-aged  stands,  even-aged  silvicultural 

For  scientific   names   of  plants  and  animals,   see 
Appendix,  p.  20. 

systems  give  better  results  because  red  pine  grows  best  in 
fuU  sunhght. 

Red  pine  seed  crops  are  too  variable  to  depend  on  for 
natural  regeneration,  so  seed  must  be  collected  during 

good  seed  years  for  direct  seeding,  growing  container 
seedlings,  or  growing  bare  root  planting  stock.  Seedling 
estabhshment  requires  site  preparation  on  areas  where 
slash  or  vegetation,  particularly  sod  or  shrubs,  covers  the 
seedbed  or  planting  site.  Red  pine  seedlings  often  require 
tending  for  several  years  after  they  are  established  to 
release  them  from  regrowth  of  competing  vegetation  and 

protect  them  from  damage  by  fire,  insects,  and  disease. 

Periodic  thinning  of  young  stands  is  recommended  to 

put   the  growth  on  the  best  trees  available,  maintain 



uniform  growth  rates,  remove  diseased  and  injured  trees, 
shorten  rotations,  and  increase  the  yield.  Considerable 

flexibiUty  in  rotation  age,  with  only  slightly  lower 
yields,  provides  opportunities  to  adjust  age  classes, 
extend  rotations  on  areas  where  big  trees  are  important, 
or  harvest  stands  early  to  meet  changing  needs. 

To  help  meet  projected  needs  for  softwood  sawtimber 
the  red  pine  type  should  be  restored  as  soon  as  possible 

on  several  million  acres  of  the  more  than  10  million 

acres  in  the  Lake  States  that  converted  to  other  cover 

types  after  the  original  pine  logging.  Improved  systems 

for  site  preparation,  seedling  establishment,  and  control 

of  species  composition  are  needed  so  that  conversion  can 
be  done  more  efficiently  and  can  be  more  effective  for 

other  uses  such  as  recreation  and  wildlife  habitat  during 

the  period  of  stand  establishment. 

KEY  TO  RECOMMENDATIONS 

The  following  key  is  based  primarily  on  the  technical 

aspects  of  forest  management  —  silviculture,  protection, 
and  regulation.  The  administrative  aspects  —  economic, 
legal,  and  social  —  have  only  Hmited  influence  in  the  key 
so  the  user  is  cautioned  to  evaluate  these  aspects 
carefully  when  applying  the  technical  recommendations. 

The  key  recommends  management  practices  for  some 
of  the  common  site  and  stand  conditions  encountered  in 

the  red  pine  type  or  on  potential  red  pine  sites.  Use  of 
the  key  in  conjunction  with  a  stand  examination  will 
lead  to   one  or  more  general  recommendations.  Each 

recommendation  refers  to  the  appropriate  section  under 

"Management  Considerations"  where  optional  silvi- 
cultural  tools  and  methods  are  discussed. 

To  use  the  key,  start  with  the  first  pair  of  numbered 
statements.  Choose  the  statement  that  best  describes  the 

situation  and  find  either  a  number  only,  a  recommenda- 
tion and  a  number,  or  a  recommendation  only.  If  a 

number  is  given,  find  the  pair  of  statements  with  that 

number  and  continue  the  process  until  a  recommenda- 
tion only  is  reached.  All  recommendations  encountered 

in  going  through  the  key  should  be  considered  in  your 

prescription. 

1. 

1. 

5. 

7. 

Red  pine  stand       

See  "Stand  Conditions— Type",  p.  3 
Other  stands  or  the  area  is  nonstocked 

2.     Even-aged  stand        

See  "Stand  Conditions- Age",  p.  4 
2.     Uneven-aged  stand   

Stand  has  minimum  or  higher  stocking   

See  "Stand  Density",  p.  4  and  fig.  1,  Appendix 
Stand  is  below  minimum  stocking       

4.     Stand  is  not  mature        

See  "Rotation  Ages",  p.  8 
4.     Stand  is  mature   

Average  tree  d.b.h.  is  less  than  2  inches   

See  "Stand  Conditions-Size",  p.  4 
Average  tree  d.b.h.  is  2  inches  or  more       

6.     400  or  more  trees  per  acre  free  to  grow       

See  "Release",  p.  5 
6.     Less  than  400  trees  per  acre  free  to  grow   RELEASE 

Less  than  2,000  trees  per  acre   

See  "Weeding  and  Cleaning",  p.  6 
2,000  or  more  trees  per  acre       WEED  . 

8.     Average  tree  d.b.h.  is  less  than  5  inches        

See  "Stand  Conditions-Size",  p.  4 
8.     Average  tree  d.b.h.  is  5  inches  or  more   



Basal  area  is  less  than  160  square  feet  per  acre       17 

See  "Weeding  and  Cleaning",  p.  6 
Basal  area  is  1 60  square  feet  or  more  per  acre   CLEAN  .  .   17 

10.  Basal  area  is  less  than  140  square  feet  per  acre   11 

See  "Thinning",  p.  7 
10.  Basal  area  is  140  square  feet  or  more  per  acre       THIN.  .   11 

1.  Crop  trees  do  not  need  pruning   17 

See  "Pruning",  p.  7 
1.  Crop  trees  need  pruning   PRUNE.  .   17 

12.  Old  growth  stands  are  needed  for  timber  or  other  resources   13 

See  "Regulating  the  Forest",  p.  7,  and  "Other  Resource  Conditions",  p.  12 
12.  Old  growth  stands  are  not  needed       18 

3.  Temporary  need  until  other  stands  mature   EXTEND  ROTATION  .  .   17 

See  "Maintaining  Old  Growth  Stands",  p.  8,  and  "Harvesting  Methods",  p.  8 
3.  Continuing  need  for  mature  trees  on  area   USE  SELECTION 

14.  Site  is  suitable  for  red  pine   15 

See  "Site  Evaluation",  p.  9 
14.  Site  is  not  suitable  for  red  pine   MANAGE  FOR  OTHER  SPECIES 

5.  No  merchantable  stand  on  area   16 

See  "Conversion  Opportunities",  p.  9 
5.  Merchantable  stand  on  area   USE  CLEARCUT  .  .   19 

16.  Will  have  merchantable  stand  in  20  years  or  less   17 

See  "Productivity",  p.  5 
16.  Will  not  have  merchantable  stand  in  20  years        19 

7.  Low  risk  of  injury  or  loss   WAIT 

See  "Risk",  p.  4,  and  "Quality",  p.  5 
7.  High  risk  of  injury  or  loss   CONTROL  IF  FEASIBLE 

18.  Continuous  tree  cover  needed       USE  STRIP  SHELTERWOOD  .  .   19 

See  "Harvesting  Methods",  p.  8 
18.  Continuous  tree  cover  not  needed       CLEARCUT.  .   19 

Adequate  mineral  soU  seedbeds  free  of  slash  and  competition       20 

See  "Site  Preparation",  p.  10 
9.  Inadequate  seedbeds   PREPARE  SITE  .  .  20 

20.  Easy  seeding  chance       DIRECT  SEED 

See  "Seeding  and  Planting",  p.  10 
20.  Poor  seeding  chance       PLANT 

TIMBER  MANAGEMENT  CONSIDERATIONS 

Stand  Conditions 

it  Red  pine  stands  and  potential  red  pine  sites  need  to  be 

.•  jarefuUy  examined  on  the  ground  to  best  determine 
heir  condition,  but  use  of  aerial  photos,  maps,  and 

lather  sources  of  information  should  not  be  overlooked. 

|he  stand  —  or  site  —  condition,  which  is  the  basis  for 
Kcommendations,  includes  type,  age,  size,  density,  risk, 

[uality,  productivity,  and  operability. 

Type 
The  red  pine  type  includes  both  pure  red  pine  stands 

and  various  mixtures  in  which  red  pine  is  the  predomi- 
nant species.  In  addition  to  the  species  composition  of 

the  main  stand,  important  understory  tree  or  shrub 
species  should  be  evaluated  for  site  preparation  needs 
and  multiple  use  values.  Nonstocked  areas,  poorly 
stocked  red  pine  stands,  and  other  forest  types  may  be 
suitable  sites  to  establish  red  pine  seedlings. 



Age 

The  age  of  dominant  and  codominant  trees  in  even- 
aged  stands  will  aid  in  estimating  site  productivity  and 
comparing  the  present  stand  with  its  potential  condition. 
Total  age  in  red  pine  can  be  estimated  by  adding  8  years 
to  age  at  breast  height  (4.5  feet  above  ground).  Rotation 

ages  for  red  pine  are  discussed  on  page  8.  In  uneven- 
aged  stands,  the  distribution  of  age  classes  will  help 
determine  the  feasibility  of  using  the  selection  system. 

Uneven-aged  stands  should  have  three  or  more  age 
classes  separated  by  20  years  or  more  and  will  require 
extra  effort  to  establish  new  age  classes  periodically  by 

seeding  or  planting.  Uneven-aged  management  of  stands 
is  not  recommended  except  for  special  areas  where  a 

continuing  need  for  mature  trees  will  justify  the  extra 
effort  required. 

Size 

Even-aged  stands  are  classified  as  seedling  stands  (up  to 
2  inches  average  d.b.h.),  sapling  (2  to  5  inches),  pole  (5 
to  9  inches),  and  sawtimber  (9  inches  and  over).  Tree 
diameters  are  strongly  influenced  by  stand  density  as 
well  as  age  and  site  (table  2,  p.  15,  Appendix).  In 
managed  stands  with  more  uniform  stand  density,  tree 
size  will  also  be  more  uniform. 

for  sawtimber  stands  (fig.  7,  p.  13,  Appendix).  The 
recommended  upper  limit  of  stocking  for  managed 
stands  averaging  5  inches  in  diameter  is  about  1,100 
trees  and  150  square  feet  of  basal  area  per  acre.  Foi 
stands  averaging  15  inches  in  diameter  it  is  175  trees  andi 

215  square  feet  of  basal  area  per  acre. 

Seedling  and  sapling  stands  (less  than  5  inches  averag<| 
diameter)  should  have  between  400  and  1,100  trees  peJ 
acre.  Fewer  than  400  trees  will  not  provide  minimunn 
recommended  stocking  by  the  time  the  stand  reaches 

pole-timber  size  and  more  than  1,100  trees  will  excecM 
the  upper  limit  of  recommended  stocking  before  thj 

trees  reach  pole-timber  size  and  can  be  thinned  com 
mercially. 

Stand  density  guides  for  uneven-aged  red  pine  standi: 
have  not  been  determined  but  in  general  the  seedHnj  i 
need  to  outnumber  the  saplings  which  in   turn  ou 
number  the  pole  trees  which  outnumber  the  sawtimb(  i 
trees.  Losses  in  the  smaller  size  classes  are  expected  ar 
considerable  effort  will  be  needed  to  assure  survival  ari 

growth  of  enough  trees  in  each  class  to  replace  the 
harvested,  lost,  or  moving  up  into  the  next  larger  claj . 

Risk  of  Loss  from  Damaging  Agents 

The  optimum  distribution  of  tree  sizes  for  uneven-aged 
red  pine  stands  has  not  been  determined  so  records 
should  be  maintained  to  help  control  recruitment  into 

each  size  class  on  the  special  areas  where  uneven-aged 
management  is  needed. 

Risk  depends  on  the  degree  of  injury  and  the  chanc : 
for  the  tree  to  recover  from  damage  by  disease,  insec : 
animals,  fire,  or  weather.  Weather  damage  incluc; 
flooding,  drought,  ice  and  snow  breakage,  and  lightnii 
strikes.  ( 

Stand  Density 

Two  important  aspects  of  stand  density  in  even-aged 
stands  are  the  stocking  level  and  uniformity.  As  the 
stocking  level  decreases  toward  the  minimum  stocking, 
uniformity  or  distribution  of  the  trees  in  the  stand 
increase  in  importance.  The  minimum  stocking  in  basal 
area  and  number  of  trees  for  perfectly  uniform  stands  of 
various  average  stand  diameters  was  calculated  from  the 
maximum  amount  of  growing  space  trees  of  each 

diameter  could  use  (fig.  7,  p.  13,  Appendix).  Minimum 
stocking  for  stands  averaging  5  inches  in  diameter  is 
about  400  trees  and  60  square  feet  of  basal  area  per  acre. 
In  stands  averaging  15  inches  in  diameter  minimum 
stocking  is  about  80  trees  and  100  square  feet  of  basal 
area  per  acre.  The  recommended  upper  limit  of  stocking 
for  managed  stands  is  based  on  80  percent  of  a  normal 
yield  table  for  pole  stands  (5  to  9  inches  average 
diameter)  and  the  crown  diameters  of  forest  grown  trees 

A  couple  of  diseases  that  have  caused  problems  i 
young  red  pine  are  Scleroderris  canker  and  red  p;: 
shoot  blight.  Other  diseases  include  root  rots,  butt  rc^ 

and  needle  blights  that  may  be  important  in  local  are  J 
Best  control  measures  are  to  remove  infected  trees  i  ] 

provide  favorable  growing  conditions  for  red  pine  ci  i 
trees  to  maintain  their  vigor. 

Several  insects  may  defoliate   red   pine   includinj 
number  of  sawflies,  the  pine  tussock  moth,  jack  f 

budworm,  and  pine  webworm.  Damage  to  tips  and  b  i 
may  be  caused  by  the  European  pine  shoot  moth, 
Zimmerman  pine  moth,  or  occasionally  by  the  wl 

pine  weevU.  The  Saratoga  spittlebug  may  cause  morta  ij' 
of  branches  and  entire  seedlings  by  mechanical  injy 

from  feeding  on  the  sap.  Other  insects  that  someti  f's 
injure  red  pine  are  white  grubs,  pine  root  collar  wee  '. 
and  bark  beetles.  i 



Insect  control  may  involve  removal  of  alternate  host 

iplants  as  in  the  case  of  sweetfern  to  control  the 
Saratoga  spittlebug;  modifying  the  habitat  such  as 

pruning  the  lower  branches  to  control  the  European  pine 
jihoot  moth,  and  removing  the  duff  to  control  the  pine 

'oot  collar  weevil;  or  in  some  cases  by  using  chemicals^ 
0  protect  the  trees.  An  entomologist  should  be  con- 
iulted  for  recommended  control  measures. 

7,  and  9,  Appendix).  Current  annual  growth  is  also 
shown  for  these  same  stand  conditions  so  that  growth  of 
any  stand  can  be  projected  for  the  next  growth  period 
(tables  6,  8,  and  10,  Appendix).  If  projections  are  made 
for  more  than  10  years,  it  would  be  best  to  interpolate  a 
new  current  annual  growth  from  the  table  or  use  the 

equations  given  in  the  table  to  compute  the  periodic 
annual  growth  for  the  period. 

Animal  injury  to  red  pine  may  be  caused  by  deer,  hare, 
borcupine,  or  mice  in  local  areas.  Measures  short  of 

tnimal  control  may  not  be  sufficient  but  eliminating 
brotective  grass  and  shrub  cover  will  help  reduce  hare 
ind  mice  activity  in  the  area. 

Trees  with  large  fire  scars  may  be  a  risk  for  wind 
breakage  and  decay.  They  should  be  salvaged  in  one  of 
the  thinning  operations.  Young  stands  are  susceptible  to 
lire  injury  and  should  be  protected  with  a  fire  break.  A 
Wrow  strip  of  deciduous  trees  that  are  less  flammable 

■  'han  red  pine  can  be  used  to  break  up  large  blocks  of 
■  Mne.  Pruned  trees  will  reduce  the  risk  of  ground  fires 
trowning  in  sapling  stands.  In  pole-size  and  larger  timber 

■  jjeriodic  understory  burning  can  control  build-up  of  fine 
uels  and  help  reduce  the  risk  of  wildfire. 

Quality 

'■  '  Red  pine  tree  quality  is  related  to  size,  form,  straight- 
■  *iess,  and  a  clean  bole.  In  managed  stands  the  poorer 

ijuality  trees  should  be  removed  in  the  periodic  thinnings 

1  favoring  the  best  quality  crop  trees.  Even-aged  stands 

"nanaged  near  the  recommended  upper  limit  of  stand 
lensity  will  have  less  taper,  smaller  branches,  and  a 

(  greater  number  of  trees  from  which  to  select  the  final 
;  Jrop  trees.  Crop  trees  should  be  low  risks,  free  of 
t  Siefects,  and  vigorous.  Stands  should  have  100  to  150 
t  Acceptable  crop  trees  per  acre.  Clean  boles  can  be 
ii  Ipbtained  by  pruning. 

4 
Productivity 

I  Site  index  is  used  to  estimate  productivity  of  the  site 

^  isee  p.  9  and  fig.  8,  Appendix)  but  the  productivity  of 

■  |he  stand  depends  not  only  on  the  site  but  how  well  it  is 
''  being  used.  The  productivity  of  a  stand  can  be  estimated 

'^  'ivith  the  aid  of  the  growth  and  yield  tables  in  the 
'  Appendix.  Yields  in  cubic  feet,  cords,  and  board  feet  are 
'  thown  for  site  indices  45,  55,  65,  and  75  feet  at  several 
'  Afferent  ages  and  for  stand  densities  of  30,  60,  90,  120, 
^-  150,  and  180  square  feet  of  basal  area  per  acre  (tables  5, 

See  Pesticide  Precautionary  Statement,  p.  21. 

Operability 

Markets,  access,  and  volume  of  products  that  can  be 
removed  in  a  thinning  or  final  harvest  determine 

operability.  The  minimum  volume  required  depends  to  a 
large  extent  on  the  value  of  the  product  so  that 
managing  a  stand  for  higher  value  products  will  usually 
make  it  operable  with  lower  volumes.  Harvested  volume 

per  landing  is  more  important  than  the  volume  per  acre 
in  determining  operability.  One  landing  of  about  1/2 
acre  is  recommended  for  up  to  40  acres  in  managed 
stands.  Although  40  acres  is  the  recommended  area  for 
establishing  new  stands  on  large  forest  ownerships, 
minimum  size  for  general  forest  management  is  10  acres. 
Smaller  areas  can  be  managed  to  meet  special  needs  or 

owner's  objectives  but  costs  will  usually  be  higher. 

Controlling  Composition  and  Growth 

Red  pine  trees  grow  best  in  full  sunlight;  that  is,  they 
are  intolerant  of  overhead  shade.  In  mixed  stands  with 

species  less  tolerant  than  red  pine  such  as  jack  pine  and 

aspen,  red  pine  growth  is  reduced  by  the  shading  from 
the  trees  that  have  faster  height  growth  as  seedlings  and 
saplings.  In  mixed  stands  with  more  tolerant  species  red 
pine  may  be  crowded  out  by  the  severe  competition. 
Cultural  practices  can  be  used  to  keep  the  red  pine  crop 
trees  free  from  overhead  shade  and  to  provide  the 
needed  growing  space  for  rapid  growing,  high  quality 
trees. 

Release 

Complete  release  of  red  pine  seedlings  from  shrubs  and 
other  low  competition  may  be  needed  by  the  end  of  the 
third  growing  season.  Cutting  by  hand  requires  a  lot  of 
labor  and  regrowth  of  the  competition  may  necessitate 

several  cuttings  at  2-  or  3-year  intervals.  The  most 
practical  release  method  where  there  are  more  than  just 
a  few  trees  or  shrubs  is  chemical  control  with  broadcast 
foliage  sprays. 

Two  of  the  most  useful  herbicides  are  2,4-D  and 
2,4, 5-T.  These  two  chemicals  can  control  most  of  the 



deciduous  woody  competition  without  injuring  red  pine 
if  spraying  is  done  soon  after  pine  leader  growth  is 

complete  and  the  terminal  bud  is  set,  around  mid-July. 
Spraying  should  be  completed  before  the  middle  of 
August  for  best  control  of  hardwoods.  Most  of  the 

common  competing  species  can  be  controlled  with  2,4-D 
but  blackberries,  raspberries,  roses,  juneberries,  prickly 
ash,  oaks,  and  maples  are  resistant  to  it.  All  of  these 
species  except  the  maples  can  be  controlled  with 

2,4, 5-T.  Maples  are  difficult  to  control  with  foliar  sprays 
but  felling  the  tree  and  spraying  the  stump  with 

chemicals  containing  2,4, 5-T  is  effective.  The  use  of 
chemical  herbicides  requires  strict  adherance  to  label 

instructions.^ 

Planting  red  pine  under  hardwood  overstories  is  not 
recommended  because  serious  growth  losses  occur  with 
even  a  light  overstory  (fig.  9,  Appendix).  Plantations 
with  hardwood  overstory  should  be  released  as  soon  as 
possible  (fig.  1).  Merchantable  overstory  trees  may  be 
harvested  and  unmerchantable  trees  felled,  girdled,  or 

poisoned.  Chemicals  can  be  sprayed  on  the  lower  2  feet 
of  the  bole  on  trees  up  to  3  inches  in  diameter,  injected 
into  frill  girdles  or  basal  cuts  on  larger  trees,  or  sprayed 
on  the  foliage  as  done  for  control  of  low  competition. 
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Weeding  and  Cleaning 

Seedling  stands  with  over  2,000  trees  per  acre  a 
sapling  stands  that  have  over  160  square  feet  of  ba; 
area    per    acre    should    be    weeded    or    cleaned   by 
precommercial   thinning.   Weeding  is   done   during  1 1 
seedling  stage  of  stand  development  and  cleaning  duri 
the   sapling  stage.   These   operations  provide  adequg 
growing  space  for  the  potential  crop  trees  and  mainta 
their  rapid  diameter  growth.  Red  pine  stands  that  ha 
been  established  by  natural  seeding,  direct  seeding, 

planting  at  close  spacings  will  usually  benefit  from  thee 

operations.  * 
ipi 

Clearing  strip  roads  about  12  feet  wide  at  intervals  ! '"' 
50  to  60  feet  will  provide  access  into  the  stand  f 
weeding,  cleaning,  and  future  thinnings  (fig.  2). 
seedling  stands  (less  than  2  inches  average  diametr 

having  more  than  2,000  trees  per  acre,  at  least  l(il  I" 
potential  crop  trees  per  acre  should  be  given  a  minimu 

growing  space  of  25  square  feet  each.  Up  to  half  of  t 
crop  trees  may  be  located  along  the  strip  roads  and  t 
other  half  should  be  between  them  at  approximate 
20-foot  spacings. 

Densely  stocked  sapling  stands  (2  to  5  inches  avera 
diameter)  with  160  square  feet  of  basal  area  or  more  p 
acre  should  be  cleaned.  Cleared  strip  roads  are  reco] 
mended  to  provide  access.  Crop  trees  in  sapling  stan 
should  be  given  about  50  square  feet  of  growing  spaii  I 
per  tree  to  maintain  good  diameter  growth. 

i 

Figure  1 .  -  Red  pine  trees  need  complete  release  from 
overhead  shade  for  best  growth. 

Figure  2.  -  Clearing  strip  roads  in  young  stands  w  '■ 
facilitate  precommercial  thinning  and  provide  acct  ■ 

for  future  cultural  operations  throughout  the  roi  ' tion. 



Tiinning 

One  of  the  most  important  ways  stand  composition 
nd  development  can  be  controlled  is  by  periodic 
ommercial  thinnings  (fig.  3).  Stands  should  be  thinned 
efore  they  exceed  the  recommended  upper  limit  of 
tocking  for  managed  stands  (fig.  7,  Appendix).  A 
niform  distribution  of  the  best  quahty  trees  with  at 
;ast  the  minimum  recommended  stocking  for  the 

verage  stand  diameter  should  be  left,  but  not  over  half 

•  and  preferably  less  ~  of  the  basal  area  should  be 
jmoved  in  any  one  thinning.  Stands  managed  near  the 
linimum  recommended  stocking  will  have  the  most 

ipid  diameter  growth  but  the  opportunity  for  selecting 
rop  trees  will  be  more  limited  because  of  the  fewer 

ees  per  acre.  As  a  more  general  guide,  pole  stands  (5  to 
inches  average  diameter)  should  be  considered  for 

linning  when  the  basal  area  is  140  square  feet  or  more 
jr  acre  and  they  should  be  thinned  to  leave  about  90 
juare  feet. 

gure  3.  —  Periodic  thinning  of  red  pine  stands  can 
provide  useful  products  and  control  the  growth  and 
development  of  the  final  crop  trees. 

If  a  system  of  access  trails  for  management  of  the 

find  has  not  already  been  developed  during  precom- 

I'^rcial  thinning,  it  should  be  done  during  the  first 
tjmmercial  thinning.  Removal  of  complete  rows  in 
jjantations  may  serve  as  strip  roads  but  more  often  than 

i)t  strips  should  cross  some  rows  to  provide  the  most 

leful  access  into  and  out  of  the  stand  from  the  landing 
working  area.  A  convenient  spacing  for  access  strips  is 

h  to  60  feet  which  will  usually  leave  a  good  supply  of 
ties  between  strips  from  which  to  select  the  crop  trees. 

I 

Thinnings  between  access  strips  should  generally  be 
from  below  to  remove  the  smaller,  slower  growing 
intermediate  and  codominant  trees  and  favor  the  larger 

crop  trees,  but  high  risk,  poor  quality,  or  damaged  trees 
should  also  be  removed.  In  some  dense  stands  where 

only  the  largest  trees  are  merchantable,  a  commercial 
thinning  would  require  thinning  from  above.  This  is 
preferable  to  delaying  the  first  thiiming  in  very  dense 
stands  because  growth  loss  from  crowding  may  be  even 
greater.  Row  thinning  is  also  an  alternative  that  may  be 
considered  for  the  first  thinning  but  all  other  thinnings 
should  be  from  below. 

Sawtimber  trees  should  be  thinned  periodically  to 

maintain  uniform  growth  rates  on  the  crop  trees.  Small 
sawtimber  stands  (9  to  15  inches  average  diameter)  grow 

well  at  densities  around  120  square  feet  of  basal  area  per 
acre.  Larger  sawtimber  stands  also  grow  well  at  these 
densities  but  the  fewer,  larger  trees  will  be  using  less  of 
the  growing  space  because  the  crown  area  of  large  forest 

grown  trees  doesn't  increase  at  the  same  rate  as  their 
basal  area.  Sawtimber  stands  averaging  15  inches  d.b.h. 
or  more  can  be  managed  at  densities  of  150  or  even  180 
square  feet  of  basal  area  per  acre  (150  or  fewer  trees) 
without  serious  crowding. 

In  mixed  stands  red  pine  crop  trees  should  be  favored 
in  each  thinning  but  other  species  should  be  left  where 
needed  to  maintain  uniform  spacing  and  avoid  large 

openings. 

Pruning 

Managed  red  pine  stands  that  are  thinned  regularly  to 
provide  adequate  growing  space  for  the  crop  trees, 

especially  those  managed  near  the  minimum  recom- 
mended stocking,  will  need  artificial  pruning  to  produce 

high  quality,  strong,  clear  wood.  Crop  trees  should  be 
pruned  when  they  are  pole  size  (5  to  9  inches  average 

diameter)  (fig.  4).  Branches  should  be  cut  off  flush  with 
the  bole  to  facilitate  rapid  healing  of  wounds.  Wounds 
up  to  1  inch  will  heal  over  in  5  years  or  less  on  healthy 
trees.  Prune  live  branches  no  higher  than  half  of  the 

tree's  total  height.  Mechanical  pruners  are  more  efficient 
than  hand  pruning  above  12  feet  and  will  usually  be 
necessary  to  prune  higher  than  17  feet. 

Regulating  the  Forest 
Forest  regulation  involves  long  range  planning  to 

assure  a  continuous  systematic  development  of  forest 
stands  and  a  more  uniform  tlow  of  useful  products.  Some 

important   aspects   of  forest   regulation   are  harvesting 



Figure  4.  —  The  production  of  high  quality,  strong,  clear 

•wood  can  be  increased  by  pruning  the  final  crop  trees 
in  red  pine  pole  stands. 

methods,  rotation  ages,  maintaining  old  growth  stands,- 
and  conversion  opportunities. 

Harvesting  Methods 

Silvicultural  systems  are  named  after  the  method  of 
harvesting  the  final  crop  trees  and  preparing  the  site  for 

establishing  a  new  forest  stand.  Even-aged  silvicultural 
systems  that  have  been  used  for  managing  red  pine  are 
clearcutting,  seed  tree,  and  shelterwood.  Clearcutting  is 
recommended  where  mature  trees  are  not  needed  on  the 

area.  The  seed  tree  system  which  has  not  proved 
successful  because  seed  crops,  are  infrequent  is  not 
recommended.  Shelterwood  systems  also  have  the  same 
disadvantage  but  they  are  recommended  where  mature 
trees  are  needed  on  the  area  to  bridge  the  gap  from  a 
fully  stocked  stand  of  mature  trees  to  a  fully  stocked 

stand  of  seedlings  established  by  planting.  If  the  shelter- 
wood  trees  are  left  in  narrow  strips  they  can  be  removed 

later  without  damaging  the  sapling  stand.  Even-aged 
systems  need  a  series  of  different  age  stands  to  provide  a 
periodic  flow  of  products  and  uses.  In  developing  this 
range  of  age  classes  it  may  be  desirable  to  harvest  some 
stands  at  younger  ages  and  others  at  older  ages  as 

discussed  under  "Rotation  Ages". 

Uneven-aged  silvicultural  systems  include  selection  Ci \ 
group  selection  cuttings.  Although  red  pine  is  not  as  we ! 

suited  to  these  systems  as  it  is  to  the  even-aged  systemi 
careful  cutting  of  mature  trees  and  frequent  release  c 
seedling,  sapling,  and  pole  trees  makes  it  possible  t 
grow  several  age  classes  in  small  groups  where  continn 

ous  high  forest  cover  is  needed  or  desired.  These  system  ij 
may    also    be    appropriate    for    a  more   even   flow  Oj 
products  and   uses  from   small   areas  where   it  is  no 
possible  to  have  enough  different  age  classes  of  ever 

aged  stands. 
Rotation  Ages 

Red  pine  is  a  long-lived  tree  providing  the  opportuniti) 
to  grow  stands  to  about  200  years  where  needed.  Bun 
with  periodic  thinnings  to  the  minimum  recommendee( 
basal  area  densities,  the  average  tree  can  reach  20  inchee 
in    diameter    on    the    best    sites   in    about    60   yearjs 
Culmination  of  mean  annual  board  foot  growth  in  standi 
periodically    thinned    to   the  same  basal   area  densitlj 
depends  on  the  basal  area  left  after  the  thinnings  (tabUi 

1 1 ,    Appendix).    Growth    culminates  earlier  in  standi 
periodically    thinned    to    basal    area   levels   below  thiv 
minimum  recommended  stocking  but  total  stand  growtltl 
is  also  lower.  Growing  stands  at  higher  densities  (abou 

120  square  feet  of  basal  area)  on  longer  rotations  (12i; 
to  140  years)  will  produce  a  higher  annual  growth  am 
yield.   The   rotation   age   for  sawtimber  should  be  set! 
within  this  biological  range  of  60  to  200  years  on  th 
basis  of  other  needs  and  considerations.  One  need  migh 

be  to  adjust  the  distribution  of  age  classes  for  regulatin  ;' 
the  forest.  In  areas  that  lack  old  growth  stands,  som 

young  stands  could  be  managed  at  low  densities  ani 
short  rotations  to  supply  needed  sawtimber  for  the  shor 
run.  Where  old  growth  stands  are  available,  the  rotation 
of  some  stands  may   be  extended  to  allow  time  fo 

younger  stands  to  reach  sawtimber  size. 

Maintaining  Old  Growth  Stands 

Extending  rotations  to  allow  young  stands  of  poUl' 
timber  to  reach  sawtimber  size  should  be  limited  t 

healthy,  vigorous  stands  that  have  at  least  the  minimur, 

recommended  stocking  (fig.  7,  Appendix).  Higher  stock' 
ing  is  desirable  to  maintain  good  growth  in  old  stand 
because  the  height  growth  is  very  low.  Basal  area  growt) 
also  decreases  with  age  but  is  still  over  2  feet  per  acr 

per  year  for  the  higher  density  stands  on  the  better  site 
(table  4,  Appendix).  Old  growth  stands  should  have  onl; 
light  salvage  cuts  to  keep  them  healthy  and  vigorous  anm 
to  prevent  the  development  of  dense  shrub  understories 
Old  growth  stands  should  be  harvested  by  200  years  o 

age  and  new  stands  established  in  the  same  manner  a 
recommended  for  mature  stands. 

J 



Conversion  Opportunities 

In  building  the  red  pine  resource  for  the  future,  new 
;tands  should  be  established  as  rapidly  as  possible  so  the 

'crest  will  be  fairly  well  regulated  as  the  stands  mature. 
lied  pine  should  be  restored  on  former  pine  land  that  is 
now   poorly    stocked    or    stocked    with   less  desirable 
;pecies.  Conversion  of  nonstocked  brush  areas  and  aspen 

II  )r  oak  types  to  red  pine  on  a  regular  basis  will  establish  a 
ully  regulated  red  pine  forest  in  one  rotation.  Priorities 
or    conversion    will    vary    somewhat    with    the   forest 

)wner's  objective  and  capabilities,  but  general  recom- 
nendations  are  nonstocked  areas,  poorly  stocked  mature 
tands,  other  mature  stands,  poorly  stocked  immature 
tands,  and  other  immature  stands,  in  that  order.  Stands 
vith  a  lot  of  high  risk  or  low  quality  trees  should  be 

Converted  before  stands  with  fewer  such  trees.  Conver- 
fs  ion  of  stands  that  will  be  merchantable  in  20  years  or 
Ijess  should  be  delayed  so  the  harvesting  operation  can 
llielp  clear  the  site  and  aid  the  job  of  site  preparation. 

Controlling  Stand  Establishment 

'ite  Evaluation 

Before  establishing  a  red  pine  stand,  some  estimate  of 
:s  potential  growth  on  the  area  should  be  obtained.  If 
lere  are  red  pine  trees  over  30  years  old  on  the  area 
lat  have  never  been  suppressed,  the  best  estimate  of  site 
hdex  is  from  site  index  equations  or  curves  based  on  the 

jptal  height  and  total  age  of  the  dominant  and  codomi- 
ant  trees  (fig.  8,  Appendix). 

( 
I  Red  pine  trees  starting  at  about  15  years  of  age  can 
Iso  provide  good  estimates  of  site  index  based  on  the 

pllowing  tabulation: 

Length  of  5  intemodes 
above  8  feet 

(Feet) 

4 
5 
6 
7 
8 
9 

10 

11 
12 

Site  index" (Feet) 

38 
46 
52 
56 

61 
65 68 

72 
76 

Other  growth  intercept  methods  based  on  1  to  5  years' 
growth  above  breast  height  (4.5  feet)  have  been  used  but 
estimates  of  site  index  are  less  reliable.  Their  advantage 
is  that  they  can  be  used  on  red  pine  trees  with  only  a 

few  years'  growth  above  breast  height.  The  following 
simplified  tabulation  shows  approximate  site  index 
based  on  average  annual  height  growth  for  one  to  five 
years  above  breast  height: 

Average  annual 
height 

Approximate growth  above  breast  height 

site  index'' 

(Inches) (Feet) 10 
45 

13 55 17 

65 
24 

75 
Considerable  variation  in  annual  growth  can  be  expec- 

ted from  year  to  year  so  whenever  possible  the  full  5 

years'  growth  should  be  measured  to  obtain  the  average 
annual  growth  for  estimating  site  index.  Site  index  will 

be  slightly  underestimated  when  based  on  1  year's 
average  and  slightly  overestimated  when  based  on  the 

average  of  5  years'  growth  using  this  table. 

Site  index  for  red  pine  can  also  be  estimated  from  the 
site  index  of  other  trees  growing  on  the  area  if  they  have 
not  been  suppressed.  Jack  pine,  white  pine,  white 
spruce,  or  aspen  site  index  can  be  used  to  estimate  red 

pine  site  index  as  in  the  following  generalized  tabula- 

tion: 

Red  pine^       Jack  pine 

45 

55 

65 

75 

50 

60 70 
80 

White  pine White  spruce 

Asp 

(Feet)  -    - 

-    - 

45 

35 

40 

55 50 

60 
65 

65 80 

75 80 

100 

If  no  suitable  trees  are  available  for  site  index 

measures,  soil  properties  can  be  used  to  estimate  red 
pine  site  index  on  sand  to  sandy  loam  soils  (table  1, 

Appendix).  The  factors  needed  are  the  depth  of  the  A 
and  B  horizons,  the  percent  gravel  in  the  surface  10 
inches,  and  the  presence  or  absence  of  finer  textured  soil 
bands  or  layers  totaling  at  least  6  inches  within  8  feet  of 
the  surface.  These  factors  will  permit  estimates  of  site 

j  Based  on  a  revised  equation  adapted  from  Alban 

\1972);  site  index  =  36.9  +  3.356(x)  -  192.474  (x)-2; 
ifhere  x  equals  length  of  5  intemodes  above  8  feet. 

"^ Adapted  from  Day  et  al.  (1960 J,  and  Schallau  and Miller  (1966). 

^Adapted  from  Carmean  and  Vasilevsky  (1971 ),  and 
Alban  (1976). 



index  for  red  pine  on  sand  to  sandy  loam  soils  where  red 

pine  is  recommended.  Other  species  such  as  white 

spruce,  aspen,  or  northern  hardwoods  are  usually  recom- 
mended on  finer  textured  soils. 

In  evaluating  sites  for  red  pine  it  is  important  to 

remember  that  site  index  predicts  the  height  of  domi- 
nant trees  in  a  stand  at  50  years  of  age  and  must  be 

related  to  yields  before  comparing  productivity  between 

species.  For  example,  side-by-side  stands  of  40-year-old 
red  pine  and  jack  pine  growing  on  a  fine  sandy  loam  had 
site  indices  of  68  and  70  feet,  respectively,  but  the  red 
pine  stand  had  55  percent  more  total  cubic  foot  volume 
than  the  jack  pine  stand.  The  red  pine  stand  had  grown 
to  225  square  feet  of  basal  area  per  acre  compared  to 
only  152  square  feet  in  the  jack  pine  stand. 

Another  important  part  of  site  evaluation  is  determin- 
ing the  need  for  site  preparation  to  establish  a  new 

stand.  Generally  the  higher  the  site  quality  the  greater 
the  need  to  control  competing  sod,  shrubs,  and  trees  to 
favor  the  establishment  of  red  pine. 

Site  Preparation 

A  good  job  of  site  preparation  should  ehminate 
competition  for  light,  water,  and  nutrients  without 

causing  any  serious  risk  of  soil  loss  (fig.  5).  Minimum  site 
preparation  of  only  seeding  or  planting  spots  offers  the 

most  site  protection  but  may  require  frequent  follow-up 
release  of  the  pine  seedlings.  Complete  site  preparation 

will  reduce  the  need  for  follow-up  release  but  may 
expose  the  site  to  erosion,  severe  drying,  or  be  an 

eyesore.  On  some  areas  full-tree  skidding  to  remove  slash 

Figure  5.  —A  thorough  job  of  site  preparation  favors 
the  establishment  of  red  pine  seedlings. 

may  be  all  the  site  preparation  needed  but  on  most  areas 
shrubs  should  be  controlled  and  mineral  soil  exposed. 

Mechanical  equipment,  herbicides,  prescribed  burning, 
or  a  combination  may  be  used  for  site  preparation.  The 
use  of  mechanical  equipment  depends  on  the  job  that 
needs  to  be  done  and  the  availability  of  equipment. 
Some  of  the  common  kinds  of  equipment  used  to 
prepare  sites  for  red  pine  establishment  are  bulldozers, 
shearing  blades,  heavy  duty  discs,  rototillers,  plows,  root 

rakes,  rock  rakes,  drum  choppers,  and  many  kinds  of' 
homemade  scarifiers  to  knock  down  the  shrubs  and 
loosen  the  soil.  Under  some  conditions  the  loosened  soil 

may  be  difficult  to  properly  pack  around  planted 
seedHngs  resulting  in  a  high  rate  of  mortality. 

The  most  commonly  used  herbicides  to  control  shrubs 
and  hardwoods  are  the  same  ones  used  for  seedlings 

release  -  2,4-D  and  2,4, 5-T.^  Foliar  spraying  should  hec\ 
done  as  soon  as  the  shoot  growth  is  complete,  when  it  is  si 

the  most  effective,  about  mid-July  in  northern  Minne- 
sota and  a  little  earlier  further  south.  Grass  andJ 

herbaceous  plants  can  be  controlled  with  AmitroP  ort' 
Dalapon,''  and  Simazine'^  can  be  used  to  prevent  l: 
regrowth  during  the  year.  Follow-up  treatments  may  bee! 
needed  the  next  year  especially  on  areas  of  heavy  sod 

911 

Prescribed  burning  is  usually  most  effective  for  site 

preparation  soon  after  harvesting  when  slash  accumula- 
tions provide  plenty  of  fuel  for  a  hot  fire.  Conifer  slash 

can  be  burned  almost  immediately  but  hardwood  slash 
needs  to  cure  for  several  weeks  to  get  good  results.  In 
mature  red  pine  stands  one  or  more  summer  fires  can  be 
prescribed  to  eliminate  the  shrubs  and  reduce  the  depth 
of  organic  material  on  the  seedbeds  prior  to  harvesting 

(fig.  6).  Burning  plans  should  be  approved  and  permits 
obtained  where  required. 

1 
I 

Seeding  and  Planting 

Natural  seeding  during  good  seed  years  can  success- 
fully establish  seedlings  on  seedbeds  such  as  those 

prepared  by  summer  prescribed  burning  under  a  mature 
stand  of  red  pine.  Scarifying  the  soil  may  also  be 
successful  if  shrubs  are  not  present.  Red  pine  seed  years, 
however,  are  so  infrequent  that  seed  should  be  collected 

during  good  seed  years  for  direct  seeding  or  growing 
seedhngs  to  plant. 

m 

M 

ifil 
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gure  6.  -  Controlled  summer  fires  can  eliminate  most 
'/  the  woody  imderstory  in  red  pine  stands  before 
harvesting  and  help  prepare  favorable  conditions  for 
establishing  red  pine  seedlings  at  the  end  of  the 
rotation. 

Direct  seeding  has  not  enjoyed  widespread  success,  but 
northeast  Minnesota  it  has  been  successful  on  well 

0 pared  sites  if  frequent  rain  storms  occur  during  the 
si  few  months  after  germination.  Seed  should  be 

lated  with  bird  and  rodent  repellants  and  sown  at  the 
le  of  15,000  viable  seeds  per  acre  (about  5  ounces) 

1 1  ly  in  the  spring  to  take  advantage  of  snowmelt  waters 
:r  germination.  Somewhat  better  results  have  been 
I  perienced  by  covering  red  pine  seed  with  1/4  inch  of 
m1  but  it  may  be  more  expedient  to  broadcast  more 
::d  on  the  surface  than  to  use  less  seed  and  cover  it.  It 

i  easier  to  cover  the  seed  when  sowing  5  to  10  seeds  in 
]epared  spots.  Even  thougli  direct  seeding  can  be 

^ccessful  it  generally  has  not  been  because  of  inade- 
(late  site  preparation,  inadequate  precipitation,  or  loss 
(  seeds  to  birds  or  rodents. 

The  most  reliable  method  of  establishing  a  red  pine 

sind  is  to  plant  nursery-grown  trees.  Planting  of  bare 
rat  stock  should  be  done  in  the  spring  setting  the  trees 
I  least  as  deep  as  they  grew  in  the  nursery.  On  drier 
ses  planting  trees  up  to  2  inches  deeper  may  be 
Ineficial,  but  planting  trees  too  deep  increases  the  risk 
(  injury  by  root  collar  weevils.  The  more  difficult  sites 
sbuld  be  planted  with  bare  root  transplant  stock  or 

llge  vigorous  seedlings.  Container-grown  trees  show 
{bmise  for  planting  througliout  the  growing  season. 

The  spacing  of  planted  trees  determines  how  the  trees 
will  develop  during  their  early  years  and  how  soon  the 
stand  will  close  in  and  affect  the  ground  cover.  Spacings 
closer  than  5  feet  will  not  provide  the  minimum  growing 
space  recommended  for  seedlings,  and  spacings  greater 
than  10  feet  will  not  provide  the  minimum  number  of 
seedlings  recommended  per  acre.  The  time  to  reach  pole 
size  (5  inches  diameter)  will  vary  from  15  to  30  or  more 
years  depending  mostly  on  the  spacing  or  number  of 
trees  per  acre  established  and  to  a  lesser  extent  on  the 

site  quahty  (table  2,  Appendix).  The  closer  spacings  will 
require  cleaning  (precommercial  thinning)  during  the 
sapling  stage  (2  to  5  inches  average  diameter)  to  provide 
the  recommended  50  square  feet  of  growing  space  for 
each  crop  tree,  and  the  wider  spacings  may  need  an  extra 
release  or  two  to  control  grass,  shrub,  and  hardwood 

competition. 

Planting  recommendations  depend  on  many  things 

including  the  forest  owner's  objective,  planting  chance, 
and  management  intensity.  Planting  400  trees  per  acre  (a 

little  more  than  10-  by  10-foot  spacing)  will  be  the  least 
costly,  crop  trees  will  have  rapid  diameter  growth, 
commercial  thinnings  can  be  made  by  the  time  trees 
need  more  growing  space,  and  crown  closure  will  not 
shade  out  ground  vegetation  for  about  20  years.  Planting 

1,600  trees  per  acre  (a  little  more  than  5-  by  5-foot 
spacing)  will  allow  greater  flexibility  in  selecting  crop 
trees  and  controlling  early  stand  development,  crop  trees 

will  have  less  taper  and  smaller  branches,  and  the  stand 
will  have  more  total  volume. 

Trees  should  be  planted  at  wide  spacings  up  to  10  by 
10  feet  if:  all  or  most  of  the  planted  trees  have  a  good 
chance  of  surviving,  precommercial  thinnings  are  not 
feasible  (or  not  planned),  and  favoring  ground  vegetation 
is  a  management  objective.  On  the  other  hand  trees 
should  be  planted  at  close  spacings  down  to  5  by  5  feet 
if:  tree  quahty  such  as  taper  and  branch  size  is 
important,  early  crown  closure  to  suppress  competition 

is  desired,  precommercial  and  early  thinnings  are  plan- 
ned to  control  stand  development,  and  frequent  thin- 

nings are  wanted  throughout  the  rotation.  Most  planta- 
tions wUl  be  established  at  spacings  between  these  two 

extremes.  Commonly  used  spacings  are  6  by  8  and  6  by 
10  feet.  Machine  planting  costs  can  be  reduced  by  using 
wider  rows  and  closer  spacing  of  trees  in  the  row  but 
plans  for  access  and  future  management  operations 
should  also  be  considered  at  the  time  of  stand  establish- 
ment. 
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OTHER  RESOURCE  CONDITIONS 

Recreation 

Red  pine  stands  are  popular  places  for  hiking,  camp- 
ing, and  other  recreational  activities  especially  when  the 

trees  are  large  and  located  near  a  lake  or  stream. 

Management  considerations  for  recreation  should  in- 
clude long  rotations  to  maintain  a  higher  proportion  of 

the  forest  in  large,  old-growth  trees.  For  example,  a  fully 
regulated  red  pine  forest  with  rotation  ages  of  1 50  years 

would  have  two-thirds  of  the  area  in  stands  over  50  years 

old  compared  to  only  half  the  area  if  100-year  rotations 
were  used.  Young  stands  should  be  managed  near  the 

minimum  recommended  stocking  to  obtain  large  trees 

as  soon  as  possible  but  older  stands  should  be  managed 

nearer  the  upper  limits  to  reduce  development  of 

unwanted  understory  plants  and  increase  the  oppor- 
tunity to  extend  the  rotation.  New  stands  should  be 

established  regularly  to  provide  continuous  stands  of 

large  old  growth  trees  for  the  future.  Understory 

development  in  large  old-growth  stands  may  be  con- 

trolled to  enhance  the  park-like  appearance  of  recreation 
areas. 

Operations  in  stands  with  high  recreational  value 

should  be  done  during  periods  of  minimal  use.  Recrea- 
tional users  should  be  informed  about  management 

operations  and  encouraged  to  rotate  their  use  as  the 

mature  stands  complete  their  cycle.  In  some  special  areas 

it  may  be  necessary  to  use  uneven-aged  management  to 
maintain  a  continuous  stand  of  mature  trees.  On  these 

areas  considerable  work  will  be  necessary  to  bring 

through  the  required  number  of  seedling,  sapling,  and 

poletimber  trees  to  replace  the  mature  trees  as  they  are 
periodically  removed. 

Water 

Red   pine    forests    usually    cover    only    a  part   of  d 
watershed  so  management  activities  should  be  coordi 
nated  with  those  on  other  areas  in  the  watershed  t( 

maintain   an  even  flow  of  high  quality  water.  Standi' 

managed  near  the  minimum  recommended  stocking  wil 
have  higher  water  yield.  Care  is  needed  in  harvestinjj 
trees  near  streams  and  lakes  to  prevent  soil  and  debriif 

from  getting  into  the  water.  Some  stream  crossings  maji)] 
require  culverts.  Landings  should  be  carefully  planneci 
and  trails  should  be  kept  back  away  from  shorelines  aniK 

streambanks  to  prevent  soil  from  eroding  into  the  waten 
Trees  should  be  felled  away  from  the  water  and  wincheii 
to  the  nearest  skid  trail.  Intermittent  stream  channel 

should  not  be  used  for  skidding.  Timber  harvesting  whei 
soils  are  frozen  will  reduce  erosion  hazards  on  som 
areas. 

WUdlife 

Red  pine  stands  are  generally  considered  poor  habitaj 

for  game  birds  and  animals  but  they  provide  cover  an^ 
nesting  sites  for  many  species  of  wildlife.  Large  olc 
growth  trees  are  used  by  the  American  bald  eagle  as  we! 
as  many  songbirds. 

Although  red  pine  stands  offer  good  shelter  fc 

wildlife,  many  of  the  favored  food  plants  are  not  founl 
in  the  understory.  Managing  stands  near  the  minimun 

recommended  stocking  will  favor  a  greater  variety  c:' 
understory  plants.  Prescribed  burning  may  also  bi 
effective  in  developing  a  more  favorable  understory  fc; 
wildlife  food.  Carefully  planned  landings  can  serve  a 

wildlife  openings  providing  some  of  the  food  plam  > 
needed.  Landings  should  be  at  least  1/2  acre  for  aij^ 
effective  wildlife  opening. 
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APPENDIX 

Stocking  Chart 
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Stocking  chart  for  managed  red  pine  stands. 
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Figure  8.  —  Red  pine  site  index  curves.  Based  on  the 

equation:  height  =  site  index  (1.956  -  2.1757  e 
-0.01644(age)j  (lundgren  and  Dolid  1970). 

140 

13 



Table  1 .  -  Estimated  site  index  for  red  pine  plantations 
in  the  Lake  States  on  well  drained  sand  to  sandy  loam 

soils^ 

Gravel  or 
in  top  10 

rocks   : 
inches  : 

Depth 
of 

A 

plus  B 

horizons (inches)   | 

5   : 
10 

20 

30 ; 40 
:  50 

Percent  by weight _  _  _ -  - Site  Index (Feet) 
-  -  - -  -  - 

0 55 57 60 63 67 70 
10 

52 
54 57 60 63 67 

20 49 
51 54 57 

60 63 
30 46 48 

51 54 

57 60 
40 43 45 48 

51 54 

57 
50 40 41 

44 

48 

51 54 
Add  5  feet  to  site  Index  on  soils  with  bands  or 

layers  of  finer  textured  material  within  8  feet  of  the 
surface  that  improve  water  relations.   Subtract  5  feet 
from  site  index  for  natural  stands.   (Adapted  for  the 
Lake  States  from  Alban  (1976).) 
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Figure  9.  —  Influence  of  hardwood  overstory  basal  area 
on  the  growth  of  planted  red  pine.  Based  on  red  pine 
release  studies  in  nine  plantations  ranging  from  2  to 
40  years  old  on  medium  to  good  sites  in  Lower 
Michigan.  Cooley,  J.  1975.  Unpublished  report  on  file 
at  North  Central  Forest  Experiment  Station,  Grand 
Rapids,  Minnesota. 
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Table  4.  -  Current  annual  basal  area  growth  per  acre^ 
for  even-aged  red  pine  stands  by  site,  age,  and  stand density 

SITE  INDEX  75 
Total 
age 

:  Total 
:  height 

:   Stand  density  -  basal  area  per 
acre 

:   30 :  60 :   90   : 120  : 150 
:  180 

Yeave Feet 

Feet  - 

-  -  - •  -  - 

20 
30 6.2 6.9 7.4 

7.6 7.6 7.2 
40 61 4.9 5.7 6.2 6.4 6.3 5.9 
60 

86 3.8 4.6 5.1 5.3 
5.2 

4.8 
80 103 2.9 

3.7 4.2 4.4 
4.3 

3.9 
100 

115 
2.2 3.0 

3.5 
3.7 

3.6 
3.2 

120 124 1.6 2.4 2.9 
3.1 3.0 

2.7 

140 130 1.3 2.1 2.6 
2.8 2.7 2.3 

160 134 1.1 
1.9 2.4 2.6 

2.5 
2.1 

SITE  INDEX  65                    I 
20 

26 
5.5 6.3 6.8 7.0 6.9 

6.5 

40 
53 4.2 5.0 5.5 

5.7 5.6 
5.3 

60 

11* 
3.2 4.0 4.4 4.6 4.6 

4.2 80 89 2.3 3.1 3.5 
3.8 

3.7 3.3 
100 100 1.5 2.3 2.8 3.0 

2.9 
2.6 

120 107 1.0 1.8 2.3 2.5 2.4 
2.0 

140 112 
.6 1.4 1.9 2.1 

2.0 1.7 

160 116 

.5 
1.3 1.8 2.0 

1.9 
1.5 

SITE  INDEX  55                    1 20 22 4.9 5.7 6.2 
6.4 6.3 

5.9 
40 

45 
3.6 4.4 4.9 

5.1 
5.0 

4.6 

60 
63 2.5 3.3 3.8 4.0 3.9 3.5 

80 76 1.6 2.4 2.9 
3.1 

3.0 2.6 
100 85 

.9 

1.7 2.2 
2.4 

2.3 
1.9 

120 
91 

.4 
1.1 1.6 1.9 1.8 1.4 

140 95 — .8 1.3 
1.5 1.4 

1.0 160 
98 

— 

.6 

1.1 
1.3 

1.2 

.8 

SITE  INDEX  45                    1 
20 18 4.2 5.0 5.5 

5.7 5.6 5.2 40 37 3.0 3.7 
4.2 

4.5 
4.4 

4.0 60 
51 

1.9 2.7 
3.2 3.4 

3.3 
2.9 

80 
62 1.0 1.8 2.3 

2.5 2.4 2.0 

100 
69 .2 

1.0 1.5 1.7 1.6 1.3 
120 

74 
— 

.5 

1.0 1.2 1.1 

.7 

140 78 — 
.1 .6 .8 .8 .4 

160 80 — — 
.5 .7 .6 

.2 ^BA  growth 
-  .076958  (Age) 
(Buckman  1962). 

=  1.6889  +.041066 

+  .00022741  (Age) 2 
(BA)  -  .0016303 
+  .06441  (Site 

(BA)2 

Index) 
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Table  11.  —  Rotation  ages  for  maximum  mean  annual 

board  foot  growth '  in  red  pine  periodically  thinned 
to  a  given  stand  density  by  site  index 

SITE  INDEX  75 
Planted 

trees/A 

: Basal area  density  after  periodic  thinning  | 
:   30 :  60 :  90  :  120 :   150 180 

thanber 

Rotation  age  -  years 
400 63 93 103     113 118 103 
800 83 103 103     113 

143 
123 

1200 83 103 113     123 

  2 

— 
1600 103 113 113     143 — 

Board  feet per  acre  per 

year 
400 331 614 831     980 1013 841 
800 302 561 775     894 867 654 

1200 297 542 713     813 — — 
1600 286 507 682     757 — — 

SITE  INDEX  65                 1 

Rotation  age  -  years 
400 93 83 103     103 123 

98 800 83 103 103     133 148 118 
1200 103 103 113     143 — — 
1600 103 113 118     143 — — 

Board  feet per  acre  per 

year 

400 247 471 654     774 732 618 
800 237 447 605     676 

583 
415 

1200 231 422 559     611 — — 
1600 222 402 524     558 — — 

SITE  INDEX  55                 1 

Rotation  age  -  years 
400 93 93 103     118 

113 
78 

800 93 103 123     143 
138 

143 
1200 103 103 133 — — 
1600 123 133 143 — — 

Board  feet per  acre  per 

year 
400 189 367 496     555 492 

394 800 184 336 451     448 
340 161 1200 172 322 411 — — 

1600 151 275 
346      — 

— — 
SITE  INDEX  45                 1 

Rotation  age  -  years 
400 98 108 123     118 88 

88 800 103 123 128     138 — — 
1200 103 118 

143 — — 
1600 103 133 — — — 

Board  feet per  acre  per 

year 
400 124 245 336     329 

263 263 

800 113 217 259     226 — — 
1200 104 187 211 — — 
1600 97 156 

__ 
~ ~ 

Source:   Unpublished  red  pine  yield  tables  for 
managed  plantations  and  natural  stands  In  the  Lake 

States.   Computer  program  developed  by  A.  L. 
Lundgren  (1971),  from  growth  and  yield  studies  at 

the  Northern  Conifers  Laboratory  by  R.'  E.  Buckman 
and  R.  F.  Wambach. 

International  1/4-inch  board  foot  volumes 

in  trees  9  inches  d.b.h.  and  larger  to  a  6-inch 
top  d.i.b. 

Mean  annual  growth  did  not  culminate  prior 
to  153  years  of  age  in  these  high  density  stands. 

Metric  Conversion  Factors 
To  convert  to  Hultiply  by 

Acres  Hectares  0.405 

Board  feet'  Cubic  meters  0.005 
Board  feet/acre'       Cubic  meters/hectare       0.012 
Chains  Meters  20.117 
Cords'  Cubic  meters  2.605 

Cords/acre'  Cubic  meters/hectare       6.437 
Cubic  feet  Cubic  meters  0.028 
Cubic  feet/acre        Cubic  meters/hectare       0.070 

Degrees  Fahrenheit     Degrees  Celsius  ' Feet  Meters  0.305 
Gallons  Liters  3.785 
Gallons/acre  Liters/hectare  9.353 
Inches  Centimeters  2.540 
Miles  Kilometers  1.609 
Miles/hour  Meters/second  0.447 
Number/acre  Numbei /hectare  2.471 
Ounces  Grams  28.350 
Ounces/acre  Grams/hectare  70.053 
Pounds  Kilograms  0.454 
Pounds/acre  Kilograir.s/hectare         1.121 
Pounds/gallon         Kilograms/liter  0.120 
Square  feet  Square  meters  0.093 
Square  feet/acre       Square  neters/hectare      0.230 
Tons  Metric  tons  0.907 

Tons/acre   Metric  tons/hectare   2.242   
'The  conversion  of  board  feet  and  cords  to  cubic 

meters  can  only  be  approximate;  the  factors  are  based 
on  an  assumed  5.663  board  feet  (log  scale)  per  cubic 
foot  and  a  cord  with  92  cubic  feet  of  solid  material. 

^To  convert  °F  to  °C,  use  the  formula  5/9  (°F-32) 

or  °F-32. 1.8 

Common  and  Scientific  Names  of 
Plants  and  Animals 

Cormion  noma  Soientifio  name Plants 

Aspen,   bigtooth      Poputue  grandidentata 
quaking      Poputue  tremuloidee 

Birch,   paper        Betula  papyrifera 
Blackberries        Ruhua  occidentalie 
Blueberries      Vaccinium  spp. 
Fir,  balsam     Abies  baleamea 
Hazel    Corylue  epp. 
Juneberrles    Amettmchier  spp. 
Maple,   red    Acer  rubrum 

sugar    Acer  saachanm 
Oak,  bur   (scrub)         Quercue  macrocarpa 

no.  pin    ^eraue  etlipsoidalie 
no.   red    Quercus  rubra 

Pine,  jack    Pinue  banksiana 
red   .    PinuB  resinoea 
white      Pinue  strobus 

Prickley  ash    Xanthoxytum  amerioamm 
Raspberries      Rubue  strigosus 
Red  pine  shoot  blight      Siroaaue  etrobilinue 
Root  rot    Fomee  annosua 
Roses    Rosa  spp. 
Scleroderrls     Scleroderrie  lagerbergi 
Spruce,  black     Picea  mariana 

white     Picea  glauaa 
Sweet fern     Comptonia  peregrina 

Animals 

American  bald  eagle     BaliaeetuB  teucoeephalue 
Bark  beetle   Ipe  pini 
Deer     Odoaoileue  virginianue 
European  pine  shoot  moth  .  .  .  Rhyacionia  buoliana 
Hare     Lepus  amerioanus 
Jackplne  budwom   Choristoneura  pinue 
Mice     Microtus  pennsylvanicue 
Pine  root  collar  weevil  ....  Eylobius  radicis 
Pine  tussock  moth     Olene  plagiata 
Pine  webworm     Tetratopha  robustella 
Porcupine     Erethizon  doraatwn 
Saratoga  splttlebug     Aphrophora  saratogeneis 
Sawflles   tieodiprion  spp. 
White  grubs     Phyllophaga  spp. 
White  pine  weevil     Pissodes  etrob. 
Zlmmennan  pine  moth   Dioryctria  zirmermani 
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PESTICIDE  PRECAUTIONARY  STATEMENT 

Pesticides  used  improperly  can  be  injurious  to  man,  animals,  and  plants.  Follow  the 
directions  and  heed  all  precautions  on  the  labels. 

Store  pesticides  in  original  containers  under  lock  and  key  —  out  of  the  reach  of  children 
and  animals  —  and  away  from  food  and  feed. 

Apply  pesticides  so  that  they  do  not  endanger  humans,  livestock,  crops,  beneficial 
insects,  fish,  and  wildUfe.  Do  not  apply  pesticides  when  there  is  danger  of  drift,  when 
honey  bees  or  other  pollinating  insects  are  visiting  plants,  or  in  ways  that  may 
contaminate  water  or  leave  illegal  residues. 

Avoid  prolonged  inhalation  of  pesticide  sprays  or  dusts;  wear  protective  clothing  and 
equipment  if  specified  on  the  container. 

If  your  hands  become  contaminated  with  a  pesticide,  do  not  eat  or  drink  until  you  have 
washed.  In  case  a  f)esticide  is  swallowed  or  gets  in  the  eyes,  follow  the  first-aid  treatment 
given  on  the  label,  and  get  prompt  medical  attention.  If  a  pesticide  is  spilled  on  your  skin 
or  clothing,  remove  clothing  immediately  and  wash  skin  thoroughly. 

Do  not  clean  spray  equipment  or  dump  excess  spray  material  near  ponds,  streams,  or 
wells.  Because  it  is  difficult  to  remove  all  traces  of  herbicides  from  equipment,  do  not  use 
the  same  equipment  for  insecticides  or  fungicides  that  you  use  for  herbicides. 

Dispose  of  empty  pesticide  containers  promptly.  Have  them  buried  at  a  sanitary 
land-fill  dump,  or  crush  and  bury  them  in  a  level,  isolated  place. 

Note:  Some  States  have  restrictions  on  the  use  of  certain  pesticides.  Check  your  State  and 
local  regulations.  Also,  because  registrations  of  pesticides  are  under  constant  review  by 
the  Federal  Environmental  Protection  Agency,  consult  your  county  agricultural  agent  or 
State  extension  speciahst  to  be  sure  the  intended  use  is  still  registered. 
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BLACK  SPRUCE 

IN  THE  NORTH  CENTRAL  STATES^ 

William  F.  Johnston,  Principal  Silviciilturist 
Grand  Rapids,  Minnesota 

SILVICAL  HIGHLIGHTS 

The  black  spruce^  type  occupies  2  million  acres  of 
!  commercial  forest  land  in  the  northern  Lake  States; 
I  two-thirds  of  this  total  occurs  in  Minnesota.  Black 

spruce  grows  mainly  on  organic  soil,  where  its  growth 
rate  is  related  to  the  amount  of  nutrients  received  from 

ground  water  or  precipitation.  Black  spruce  grows 
mainly  in  pure  stands  but  may  also  be  mixed  with 

tamarack,  northern  white-cedar,  and  balsam  fir  on 

organic  soil  and  with  other  conifers  and  various  hard- 
i woods  on  mineral  soil.  Black  spruce  stands  are  brushy  on 
the  best  sites,  especially  on  organic  soil. 

Black  spruce  stands  40  or  more  years  old  have  a  nearly 

continuous  seed  supply  because  the  persistent  cones 

shed  seed  for  at  least  4  years  after  ripening  and  seed 

'crops  seldom  fail.  Seedling  establishment  requires  a 
moist  seedbed  free  from  competing  vegetation.  Estab- 

ilishment  is  generally  successful  on  slow-growing  sphag- 
inum  moss  or  where  the  surface  layer  is  removed  by  fire 

Ijor  compacted  as  in  skid  roads.  Vegetative  reproduction 

by  layering  is  common  on  the  poorer  sites  on  organic 
soil. 

Most  black  spruce  stands  in  the  Lake  States  originated 

after  wUdfires  and  so  are,  or  once  were,  even-aged.  In 
areas  having  no  major  disturbance  for  a  century  or  more, 

black  spruce  stands  become  uneven-aged  because  new 
trees  begin  to  fill  in  as  overstory  trees  die.  However, 
these  new  trees  grow  much  faster  in  open  areas  than 
under  a  living  overstory. 

The  main  damaging  agents  of  black  spruce  are  wind, 

eastern  dwarf  mistletoe,  and  impeded  drainage.  Uproot- 
ing or  breakage  is  a  problem  when  older  stands  are 

opened  by  partial  cutting  because  black  spruce  has  a 
shallow  root  system  and  butt  rot  is  common  in  older 

trees.  Mistletoe,  which  produces  "witches'  brooms",  is 
the  most  serious  disease  of  black  spruce.  Other  pests 
seldom  cause  serious  damage.  Drainage  impeded  by 
roads  and  beaver  has  killed  black  spruce  or  reduced  its 
growth  on  thousands  of  acres  of  organic  soil. 

MANAGEMENT  OBJECTIVES  AND  NEEDS 

The  usual  objective  in  managing  the  black  spruce  type 
is  to  produce  a  high  sustained  yield  of  pulpwood  as 
lefficiently  as  possible  without  adversely  affecting  other 

iforest  values.  For  this  objective,  the  type  can  probably 

jbe  managed  best  in  fairly  large,  even-aged  stands,  similar 
to  virgin  stands.  Such  management  should  produce 

stands  that  are  well  suited  for  efficient  cultural  opera- 
tions and  mechanized  harvesting.  The  poorest  sites, 

lowever,  should  be  managed  mainly  for  Christmas  trees, 
i^lthough  limited,  practices  to  enhance  wildlife  habitat, 

^This  handbook  supersedes  Johnston,  William  F. 
'971.  Management  Guide  for  the  Black  Spruce  Type  in 
he  Lake  States.  USDA  For  Serv.  Res.  Pap.  NC-64. 

^For  scientific   names   of  plants   and  animals,    see 
\ippendix,  p.  16. 

water,  and  esthetics  should  be  applied  to  the  extent  they 
have  been  developed. 

The  demand  for  black  spruce  pulpwood  is  expected  to 
remain  high,  so  satisfactory  stocking  of  reproduction 
needs  to  be  obtained  promptly  after  harvesting.  This  is 

usually  possible  by  carrying  out  the  practices  recom- 
mended here.  However,  little  information  exists  on  the 

costs  and  returns  of  these  practices.  Relative  costs  are 

given  for  a  few  alternatives,  but  most  economic  decisions 
will  have  to  be  based  on  the  particular  situation  and  the 

manager's  experience  and  judgment.  There  is  a  special 
need  to  obtain  reproduction  after  harvesting  brushy 
stands,  which  occur  on  the  most  productive  sites.  If  not 
stocked  early  with  trees,  these  areas  convert  to  lowland 
brush  and  become  difficult  and  expensive  to  reforest. 



KEY  TO  RECOMMENDATIONS 

Recommendations  for  managing  black  spruce  stands  Starting  with   the   first  pair  of  like-numbered  state 

are  given  in  the  following  key,  which  contains  a  series  of  ments,  select  the  one  statement  that  better  describes  th(i 

alternative  statements  about  various  stand  conditions.  stand  in  question  and  obtain  a  final  recommendation,  i 
-rt.      *  *         *     ■     I  J        c  *     *u^  t^^t  ,.,u^,^  partial   recommendation  plus  a  number,  or  a  numbei The  statements  mclude   references  to  the  text  where  ^  ^ 

alone.  If  a  number  is  given,  repeat  the  selection  procesii 
these  conditions  are  discussed.  So,  with  accurate  know-  ..,       r-     ,  ,  ..  u  j    tu  i until  a  final  recommendation  is  reached.  The  overal 

ledge  of  a  stand,  the  resource  manager  can  find  out  the  recommendation  is  the  sum  of  the  partial  recommenda 
recommended  practices.  tions  arrived  at  while  going  through  the  key. 

1.     Site  index  less  than  25       GROW  CHRISTMAS  TREES 

See  "Christmas  Trees",  p.  10 
I.  Site  index  25  or  more   GROW  PULPWOOD  .  .2 

See  "Site  Productivity",  p.  3 
2.     Stand  immature       3 

See  "Rotation",  p.  3 
2.     Stand  mature   CLEARCUT  STAND  .  .( 

See  "Clearcutfing  Methods",  p.  5  and  "Wind",  p.  9 
3.     Black  spruce  satisfactorily  stocked       ^ 

See  "Intermediate  Treatment",  p.  4 
3.     Black  spruce  understocked  or  overstocked       ! 

4.     Spruce  severely  suppressed  by  shrubs/hardwoods       RELEASE  .  . ; 

See  "Intermediate  Treatment",  p.  4 
4.     Spruce  not  or  slightly  suppressed  by  shrubs/hardwoods       

5.     Witches'  brooms  absent  or  inconspicuous   CHECK  IN  10  YEAR 
See  "Dwarf  Mistletoe",  p.  9 

5.     Witches' brooms  readily  noticeable   TREAT  INFECTED  AREA  1 
6.     Witches'  brooms  absent  or  inconspicuous       ' 

See  "Dwarf  Mistletoe",  p.  9 

6.     Witches' brooms  readily  noticeable       BROADCAST  BURN  SLASH  (see  p.  15)  .  .  Ij 7.     Residual  stems  abundant       j 

See  "Residual  Stems",  p.  6 
7.     Residual  stems  scarce   li 

8.     Black  spruce  a  major  component   

See  "Residual  Stems",  p.  6 
8.     Black  spruce  a  minor  component   BROADCAST  BURN  SLASH  (see  p.  15)  .  .  l! 

9.     Spruce  less  than  50  years  old  and  in  good  health   SAVE  RESIDUAL  STE^\I 

See  "Residual  Stems",  p.  6 
9.     Spruce  50  or  more  years  old,  or  in  poor  health   BROADCAST  BURN  SLASH  (see  p.  15)  . 

10.  Brush  absent  or  inconspicuous   

See  "Brush",  p.  6 
10.  Brush  readily  noticeable       BROADCAST  BURN  SLASH  (see  p.  15). 

I I .  Sphagnum  seedbeds  well  distributed           i 

See  "Seedbeds",  p.  7 
11.  Sphagnum  seedbeds  poorly  distributed   BROADCAST  BURN  SLASH  (see  p.  15)  .  . 

12.  Slash  cover  light       SPREAD  SLASH  EVENLY,  USE  NATURAL  SEEDI> 

See  "Slash  Cover",  p.  7 
12.  Slash  cover  heavy   SKID  FULL  TREES,  USE  NATURAL  SEEDING; 

BROADCAST  BURN  SLASH  (see  p.  15)  .  . 
13.  Seed  source  within  range       USE  NATURAL  SEEDIf 

See  "Clearcutting  Methods",  p.  5  and  "Natural  Seeding",  p.  8 
13.  Seed  source  out  of  range       USE  DIRECT  SEEDII 

See  "Direct  Seeding",  p.  9 



TIMBER  MANAGEMENT  CONSIDERATIONS 

Controlling  Growth 

Site  Productivity 

The  black  spruce  type  is  found  mainly  on  organic  soil 
in  the  Lake  States,  but  it  also  occurs  on  mineral  soil. 

Growth  rate  varies  greatly;  height  of  dominant  trees  at 
50  years  ranges  from  about  45  feet  on  the  best  sites  to 
less  than  15  feet  on  the  poorest.  Mature  stands  on  good 
sites  commonly  yield  3,000  cubic  feet  (entire  stem)  or 
30  cords  per  acre  for  trees  3.6  inches  d.b.h.  and  larger. 
In  contrast,  many  stands  on  poor  sites  never  produce 
merchantable  quantities  of  pulpwood.  (See  Appendix 
for  site  index  curves,  yield,  and  net  annual  growth  of 
black  spruce  stands.) 

Most  organic  soil  sites  are  extensive  areas  on  gently 
sloping  glacial  lake  beds  or  smaller  filled  lakes  associated 
with  the  Laurentian  Shield,  pitted  outwash  plains,  and 

moranic  areas.  On  both  lake-bed  and  filled-lake  sites,  the 
growth  rate  of  black  spruce  is  related  to  the  surrounding 
ground  water  flow  system.  The  best  sites  occur  where 
the  soil  water  is  continuous  with  the  regional  ground 
water  system  and  thus  is  enriched  by  nutrients  flowing 
from  mineral  soil  areas.  The  poorest  sites  occur  where 

the  soil  water  is  "perched"  above  and  thus  is  separated 
from  this  regional  system.  The  fertility  of  these  sites 
depends  mainly  on  precipitation,  which  is  relatively  low 
in  nutrients. 

Degree  of  decomposition  and  botanical  origin  of  the 
upper  horizons  of  organic  soil  are  good  guides  to  site 
productivity,  whereas  total  depth  and  pH  are  poor 
guides  by  themselves.  The  best  sites  have  moderately 

'!  well  decomposed  organic  soil  that  contains  much  partial- 
El'  ly  decayed  wood  and  is  dark  brown  to  blackish. 

However,  the  upper  6  inches  may  be  poorly  decomposed 
sphagnum  or  other  mosses,  especially  in  old  stands.  The 
poorest  sites  have  poorly  decomposed  sphagnum,  2  to  5 
feet  or  more  thick,  that  is  yellowish  brown. 

The  growth  rate  of  black  spruce  could  undoubtedly  be 
increased  on  organic  soil  sites  in  the  Lake  States  by 

draining  and  fertilizing,  but  specific  practices  are  pre- 
sently lacking.  They  have  not  been  developed  mainly 

because  the  region's  extensive  upland  forests  produce 
sufficient  timber,  and  probably  at  a  higher  economic 
return  than  lowland  forests.  However,  with  the  increas- 

ing value  of  black  spruce  pulpwood  and  the  greater 
demands  on  land  use  in  upland  forests,  there  may  be  a 

need  in  the  future  to  develop  effective  and  environ- 
mentally acceptable  ways  to  drain  and  fertilize  organic 

soil  sites. 

The  black  spruce  type  is  common  on  mineral  soil  only 
on  the  Laurentian  Shield  in  northeastern  Minnesota  and 

in  a  few  isolated  areas  of  upper  Michigan.  Here  black 
spruce  grows  on  gravelly  and  bouldery  loam  and  on 
shallow  soil  over  bedrock,  where  it  usually  is  mixed  with 
other  species,  but  occasionally  forms  a  pure  type. 
Growth  is  best  where  the  slope  is  gentle  and  moisture  is 
plentiful,  either  from  a  shallow  water  table  or  seepage. 
South  of  the  Shield,  black  spruce  is  occasionally  found 

on  sandy  soil  with  a  high  water  table. 

Rotation 

Black  spruce  stands  are  usually  considered  mature  and 

ready  to  harvest  for  pulpwood  when  their  mean  annual 
growth  in  cords  peaks.  The  rotations  at  which  this 
occurs  for  trees  3.6  inches  d.b.h.  and  larger  can  be 
determined  from  figure  1  for  various  stand  ages  and 
basal  areas.  These  rotations  apply  to  all  site  indexes  and 
are  similar  for  cubic  feet. 
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Figure  1 .  —  Rotations  for  black  spruce  stands  by  stand 
age  and  basal  area.  Adapted  from  Perala  1971. 

To  determine  the  cordwood  rotation  for  any  stand, 

locate  the  point  where  its  present  age  and  basal  area 

intersect  in  figure  1  and  then  use  the  following  guide- 

lines: 



1 .  If  the  point  is  below  the  shaded  zone,  the  stand  has 

not  yet  reached  the  recommended  rotation.  To  deter- 
mine this  rotation,  select  the  curve  nearest  the  point  and 

find  the  rotation  range  listed  for  that  curve  in  figure  1. 
Where  the  point  is  between  two  curves,  the  rotation 
range  can  be  determined  more  precisely  by  projecting 
the  point  upward  between  the  curves  and  noting  at  what 
ages  it  enters  and  leaves  the  shaded  zone. 

Stands  whose  basal  areas  fall  well  below  curve  E  have 

poorly  stocked  overstories  that  should  probably  be 
harvested  as  soon  as  possible  because  these  stands  would 
have  rotations  of  160  to  180  years.  Unless  a  suitable 
understory  remains  to  form  a  new  stand,  black  spruce 
should  be  rapidly  reproduced  to  full  stocking  (see  p.  2). 

2.  If  the  point  is  in  the  shaded  zone,  the  stand  is  at 
the  recommended  rotation  and  can  be  harvested.  The 

range  of  this  rotation  is  determined  the  same  way  as 
explained  in  1. 

3.  If  the  point  is  above  the  shaded  zone,  the  stand  is 
already  past  the  recommended  rotation  and  should  be 
harvested  and  reproduced  as  soon  as  possible. 

The  rotations  recommended  here  have  a  range  because 
the  mean  annual  growth  has  practically  the  same 
maximum  for  a  number  of  years.  Therefore,  the  manager 

has  considerable  flexibility  in  selecting  a  suitable  rota- 
tion, at  least  in  terms  of  growth.  Further,  figure  1  shows 

that  the  rotations  are  shorter  for  stands  with  high  basal 
areas  than  for  those  with  low  basal  areas,  or  that 
rotations  increase  as  basal  area  decreases.  However, 

except  for  excluding  trees  smaller  than  3.6  inches  d.b.h., 
the  rotations  do  not  consider  tree  size.  Therefore, 

excessively  dense  stands  may  require  longer  rotations 
before  yields  from  merchantable  trees  are  large  enough 
for  efficient  harvesting. 

Of  course,  factors  other  than  maximum  mean  annual 

growth  and  tree  size  should  be  considered  in  selecting 
a  suitable  rotation.  The  presence  of  or  risk  involved 

with,  some  of  black  spruce's  damaging  agents,  especially 
wind  and  dwarf  mistletoe,  will  tend  to  shorten  the 

rotation  (see  p.  9).  Butt  rot,  which  can  lead  to  wind 
breakage,  becomes  common  after  about  100  years  in 
stands  on  organic  soil.  This  rot  becomes  serious  enough 
in  stands  on  mineral  soil  that  their  rotation  should 

usually  not  exceed  70  years.  To  further  help  the 
manager  select  a  suitable  rotation  for  a  certain  stand, 

yield  and  growth  at  various  ages  are  given  in  the 
Appendix  by  site  index  and  basal  area. 

Intermediate  Treatment 

Little  research  or  experience  is  available  on  managing, 

immature  stands  of  black  spruce.  Desirable  stand  den- 
sities for  various  ages  and  sites  are  not  known  for 

optimum  pulpwood  growth  under  present  utilization 
standards.  Thinning  of  overstocked  stands  in  the  sapling 

and  pole  stage  is  not  recommended  for  black  spruce  due; 
to  the  low  economic  return  and  risk  of  increasinjj 
wind-caused  mortality. 

In  seedling  stands  a  milacre''  stocking  of  60  percent  on 
more  is  considered  satisfactory  if  the  trees  are  estab 
lished  (at  least  6  inches  tall  and  healthy).  Practica 
methods  do  not  presently  exist  for  estaWishing  blacls 

spruce  in  understocked  stands,  except  to  leave  seed-bear 
ing  trees  so  that  spruce  can  gradually  reproduce  bj) 
natural  seeding.  Seedling  stands  are  probably  over 
stocked  when  they  exceed  10,000  trees  per  acre.  Suclt 

stands  should  be  prevented  by  controlling  natural  oaj 
direct  seeding,  as  discussed  on  pages  8  and  9. 

Although  it  grows  faster  in  full  sunlight,  black  spruco 
is  tolerant  of  shade  and  on  most  organic  soil  sites  it  wi 

eventually  grow  above  competing  shrubs  or  hardwoodd' 
However,  slow  growth  and  understocking  result  whc; 
black  spruce  is  severely  suppressed  by  such  vegetatio 
for  several  years,  as  often  happens  on  the  best  site 
Under  these  conditions  spruce  should  be  released  befo) 

its  growth  and  abihty  to  respond  are  reduced  too  mucl 

Aerial  herbicide  spraying  is  probably  the  most  pra 
tical  way  to  kill  back  overtopping  shrubs  and  har 

woods.  A  low  volatile  ester  of  2,4-D^  is  effective  ( 
speckled  alder,  black  ash,  quaking  aspen,  paper  birc 

and  willow;  whereas  a  50-percent  mixture  with  2,4, 5-T 
recommended  if  red  maple  and  balsam  poplar  are  tl 

main  species  to  control.  Use  a  total  rate  of  3  pounds  ac 
equivalent  in  at  least  4  gallons  of  water  per  acre.  Spr 
in  early  August,  or  when  the  new  growth  of  black  spru 
has  hardened  off  and  yet  shrubs  and  hardwoods  are  si 
susceptible. 

Herbicide  spraying  should  be  done  carefully,  followi 
all  pertinent  precautions  and  regulations.  It  is  particul; 
ly  important  not  to  contaminate  open  water  wi 
herbicide,  so  do  not  spray  vegetation  around  the  borde: 

^A  milacre  is  1/1,000  acre,  usually  6.6  feet  square. 

'*See  Pesticide  Precautionary  Statement,  p.  1 7. 



of  ponds,  lakes,  and  watercourses.  These  guidelines  will 
minimize  the  risk  of  adverse  environmental  effects  on 

organic  soil  sites. 

Controlling  Establishment 

and  Composition 

«j|  Qearcutting  Methods 

For  several  reasons  mentioned  elsewhere  in  this 

handbook,  clearcutting,  or  felling  of  a//  trees,  is  the  best 
method  for  harvesting  and  reproducing  black  spruce. 
The  shape  and  size  of  a  clearcut  area  depend  mainly  on 
whether  broadcast  burning  of  slash  is  recommended  in 
the  key,  size  and  windfirmness  of  stand,  seed  supply, 
and  economic  considerations. 

If  broadcast  burning  is  recommended,  its  cost  per  acre 

can  be  reduced  substantially  by  clearcutting  large  patch- 
es (40  acres  or  more)  rather  than  progressive  strips.  Cost 

of  harvesting  and  later  cultural  operations  also  tends  to 
be  lower  on  such  patches  than  on  strips.  However, 
clearcutting  of  large  patches  (or  entire  stands  less  than 
40  acres)  should  usually  be  followed  by  direct  seeding 
(see  p.  9),  whose  cost  may  offset  the  above  savmgs. 
Since  it  is  sometimes  difficult  to  obtain  enough  seed  of 
acceptable  provenance  at  reasonable  cost,  the  manager 
should  consider  carefully  whether  to  clearcut  large 

patches  that  require  direct  seeding^  or  progressive  strips 
that  are  seeded  naturally  (figs.  2  and  3). 

Progressive  strips  can  be  applied  best  in  large  stands 
that  are  windfirm  and  do  not  require  broadcast  burning. 
The  strips  should  probably  be  perpendicular  to,  and 

progress  toward,  the  prevailing  wind  direction  to  maxim- 
ize seed  dispersal  and  minimize  wind  damage. 

Natural  seeding  of  black  spruce  can  be  relied  on  up  to 

4  chains  (1  chain  =  66  feet)  from  the  windward  side  of  a 
mature  stand  and  up  to  2  chains  from  the  leeward  side. 

Thus  a  strip  perpendicular  to  the  prevailing  wind 
direction  can  be  up  to  6  chains  wide  with  natural  seeding 
from  both  sides,  or  4  chains  wide  with  seeding  only  from 
the  windward  side.  Also,  the  outer  portion  of  large 
patches  can  often  be  reproduced  by  natural  seeding,  thus 
importantly  reducing  the  area  requiring  direct  seeding. 

^Planting  may  be  better  on  upland  sites. 

Stands  as  small  as  20  acres  can  be  clearcut  and 

broadcast  burned  in  strips  3  chains  wide  if  desired.  Of 

course,  the  shape  of  such  stands  may  be  the  main  factor 

in  deciding  wliich  way  to  orient  the  strips.  Because 
harvesting  and  other  costs  depend  so  much  on  the 
particular  situation,  the  manager  must  decide  what 
minimum  size  of  clearcut  area  is  still  economical. 

Ways   to   make   new  harvest  areas  look  better  are 

discussed  under  "Esthetics"  (p.  11). 
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Figure  2.  —  This  98-acre  patch  was  clearcut,  broadcast 
burned,  and  direct  seeded.  Note  the  unbumed, 

slash- free  alley  next  to  the  surrounding  forest. 
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Figure  3.  —  These  two  strips,  each  about  4  chains  wide 
and  1/4  mile  long,  were  clearcut  and  broadcast 
burned  4  years  apart;  future  strips  will  progress  into 
the  mature  stand  at  the  right.  Note  the  unbumed, 

slash-free  alley  next  to  the  stand. 



Residual  Stems 

These  are  trees  of  any  size  down  to  6  inches  tall  that 

are  expected  to  or  do  survive  clearcutting.  They  may  be 
of  any  species  or  age,  and  of  seedling  or  vegetative 

origin.  Residual  stems  are  "scarce"  if  they  or  their 
reproduction,  especially  by  vegetative  means,  will  not 
become  dense  enough  to  severely  suppress  black  spruce 

reproduction.  Although  they  can  be  easily  overlooked,  it 
is  important  to  realize  that  a  few  mature  trees  per  acre 
of  certain  species  sometimes  produce  many  seeds, 
suckers,  or  sprouts. 

Residual  stems  should  be  relied  on  to  reproduce  a 

stand  only  if  relatively  young  and  healthy  black  spruce 
stems  are  or  will  be  predominant  (at  least  50  percent  of 
basal  area).  Such  stems  are  arbitrarily  defined  as  being 

less  than  50  years  old  and  having  well-developed  crowns. 
In  contrast,  many  of  the  black  spruce  stems  remaining 
after  clearcutting  are  50  or  more  years  old  or  have 
poorly  developed  crowns.  Old  stems  also  tend  to  be  of 
layer  origin,  which  often  results  in  poor  form.  Some  old 

or  unhealthy  trees  may  grow  satisfactorily  after  clear- 
cutting,  but  young  seedlings  are  preferred  for  repro- 

ducing black  spruce. 

Therefore,  residual  stems  should  be  saved  to  reproduce 
a  stand  only  if:  (1)  60  percent  or  more  of  the  milacres  in 
the  clearcut  area  will  contain  at  least  one  young  and 
healthy  black  spruce  after  harvesting  and  (2)  the  cost  of 
saving  such  stems  does  not  exceed  the  cost  of  obtaining 
new  spruce  reproduction  of  equal  density  and  size. 
Obviously,  the  stand  must  be  harvested  carefully  and 
slash  removed  where  it  covers  needed  stems. 

Residual  steins  should  be  killed  if  suitable  black  spruce 
are  not  present  to  form  a  new  stand.  This  is  most 
important  where  these  stems  are  abundant  or  will 

reproduce  abundantly  after  clearcutting.  Broadcast  burn- 
ing of  slash  is  an  efficient  way  to  kill  residual  conifers, 

especially  where  many  are  of  seedling  or  sapling  size. 
Burning  will  also  kill  back  hardwoods,  but  herbicides  are 

more  effective  on  those  that  reproduce  mainly  from 
suckers  or  sprouts. 

pounds  acid  equivalent  (ae)  per  100  gallons  of  No.  2  fuel 
oil  solution,  or  the  amine  salt  of  2,4-D  or  2,4, 5-T  at  1 

milliliter  of  a  50-percent  water  solution  per  inch  of  tree 
diameter.  Uncut  trees  can  be  killed  without  girdling  by 

basal  spraying  with  Tordon  155*  (a  combination  of 
picloram  and  2,4, 5-T)  at  10  pounds  ae  per  100  gallons  of 
fuel  oil  solution.  Fresh  hardwood  stumps  can  be  wet 
thoroughly  with  Tordon  101  (a  combination  of  picloram 

and  2,4-D)  at  5  pounds  ae  per  100  gallons  of  water 
solution  to  control  suckering  and  sprouting. 

Brush 

Black  spruce  stands  are  usually  brushy  on  the  best  sites 
on  organic  soil.  An  understory  of  tall  shrubs  such  as 

speckled  alder  and  red-osier  dogwood  is  typical  (fig.  4), 
In  contrast,  stands  on  medium  to  poor  sites  are 

nonbrushy  and  have  only  some  low  shrubs  such  as 

Labrador-tea  and  leather-leaf  (fig.  5). 

Aerial  herbicide  spraying  should  be  used  if  there  are 
many  residual  hardwoods  per  acre,  whereas  scattered 
trees  and  stumps  should  be  treated  individually.  To 
minimize  suckering  and  sprouting,  herbicide  should  be 
applied  to  a  frill  girdle  around  the  base  of  uncut 
hardwoods  immediately  after  full  leaf  development.  An 
effective  herbicide  is  a  low  volatile  ester  of  2,4,5-T  at  8 

Figure  4.  —  This  brushy  stand  of  black  spruce  is  typicam 
of  those  occupying  the  best  sites  on  organic  soil.  Ai 
shown  here,  a  readily  noticeable  understory  of  tali 
shrubs  such  as  speckled  alder  is  usually  present. 

^Mention  of  trade  names  does  not  constitute  endorse- 
ment of  the  products  by  the  USD  A  Forest  Service. 



Figure  5.  —  This  nonbnishy  stand  of  black  spruce  is 
typical  of  those  occupying  medium  to  poor  sites  on 
organic  soil.  As  shown  here,  practically  no  understory 
is  present  except  for  some  low  shrubs  such  as 
Labrador-tea. 

Brush  density  is  difficult  to  judge  because  it  usually 
increases  greatly  after  clearcutting.  Also,  brush  is  less 
noticeable  when  the  leaves  are  off.  Therefore,  brush 

should  be  rated  "absent  or  inconspicuous"  only  after 
inspecting  the  stand  carefully  —  preferably  when  the 

;eaves  are  on.  Brush  that  is  "readily  noticeable"  should 
DC  controlled  because  it  will  probably  become  dense 
enough  to  suppress  black  spruce  reproduction. 

Broadcast  burning  of  slash  is  recommended  on  brushy 
sites  because  it  has  resulted  in  good  initial  establishment 

Df  black  spruce,  especially  where  ample  natural  seeding 
d|vas   available.    Even    so,    brush  and  other  competing 
,t  Vegetation,  particularly  grasses  and  sedges,  overtop  many 
i  ̂edlings  and  reduce  their  growth  within  a  few  years  on 

purn  areas.   Therefore,   black  spruce   reproduction  on 
brushy  sites  will  usually  need  release  as  discussed  and 

described  under  "Intermediate  Treatment"  (p.  4). 

Seedbeds 

Seedling  establishment  requires  a  moist  but  unsatur- 
ated seedbed  free  from  competing  vegetation.  Establish- 

ment is  generally  successful  if  the  surface  layer  is:  (1) 
removed,  either  by  fire  or  machine;  (2)  compacted,  as  in 
a  skid  road;  or  (3)  composed  of  living  sphagnum  moss. 
Most  types  of  sphagnum  moss  are  good  seedbeds, 
although  some  types  outgrow  black  spruce  seedlings  and 
smother  them.  Other  mosses,  particularly  the  feather 

mosses,  dry  up  and  die  after  clearcutting  and  become 

extremely  poor  seedbeds  (fig.  6).  Thus  seedbed  condi- 
tions are  usually  much  improved  by  removing  or 

compacting  such  mosses. 

Sphagnum  seedbeds  are  "well  distributed"  when  ex- 
posed patches  of  sphagnum  moss  occur  in  at  least  60 

percent  of  the  milacres  in  the  clearcut  area,  or  at  a 

square  spacing  not  exceeding  about  10  feet. 

Slash  Cover 

This  is  "heavy"  when  slash  hinders  satisfactory  repro- 
duction by  burying  either  suitable  residual  stems  or  good 

seedbeds  such  as  sphagnum  moss.  Slash  cover  is  also 

heavy  when  it  creates  an  important  fire  hazard.  How- 
ever, the  risk  of  fire  is  low  on  most  black  spruce  areas 

because  they  do  not  dry  up  much  and  there  is  Uttle 
contact  with  human  activities. 

Slash  should  be  broadcast  burned  for  all  conditions 

where  this  is  recommended  in  the  key,  including  where  a 
heavy  cover  of  slash  is  already  on  the  ground.  However, 

if  slash  cover  is  the  only  problem  expected,  then  full-tree 
skidding  can  be  used.  This  is  because  recent  research 

indicates  that  stands  harvested  by  full-tree  skidding,  with 
branches  and  tops  intact,  leave  only  a  light  cover  of  slash 

when  felling  and  skidding  are  done  with  reasonable  care. 
All  trees  should  be  felled  as  the  harvesting  progresses, 

leaving  stumps  as  low  as  possible  to  minimize  obstacles 
that  would  break  off  branches  and  tops  during  skidding. 
Also,  the  trees  should  be  felled  into  the  open  rather  than 
into  the  stand  where  more  breakage  would  occur. 

The  overall  cost  of  slash  disposal  should  be  less  by 

full-tree  skidding  than  by  broadcast  burning  if  most  trees 

are  merchantable.  Skidding  should  be  particularly  ad- 
vantageous on  small  areas  because  they  have  the  highest 

burning  cost  per  acre.  Of  course,  slash  disposal  is  usually 
not  needed  in  poorly  stocked  stands  when  the  slash  is 

spread  evenly. 



FEATHER  MOSSES 

Sphagnum  spp. 

Dicniiiiun  polysetum 

Figure  6.  —  These  mosses  are  common  seedbeds  in  black 
spruce  stands,  particularly  on  nonbrushy  sites.  All 
except  sphagnum  make  poor  seedbeds  because  they 
dry  up  and  die  after  clearcutting.  The  photos  all  have 
the  same  scale;  the  individual  plants  are  about  3 
inches  tall. 

Natural  Seeding  % 

Black  spruce  is  a  dependable  seed  producer.  A  mature 

stand  produces  an  average  of  perhaps  200,000  seeds  — 

about  8  ounces  —  per  acre  per  year.  Although  most  of 
this  seed  falls  in  or  near  the  stand,  reproduction  surveys 
indicate  that  a  sufficient  amount  is  dispersed  far  enough 
to  effectively  reforest  an  adjacent  clearcut  area  of 
substantial  size  (see  p.  5). 

Natural  seeding  of  black  spruce,  especially  on  non- 
brushy  sites,  often  results  in  new  stands  that  are  too 

Pleurozium  schreberi 

Ptilium  crista-castrensis 

Hylocomium  splendens 

dense  for  optimum  pulpwood  growth  under  presen 
utilization  standards.  To  minimize  this  problem,  th 

manager  should  survey  the  reproduction  about  3  year 
after  site  preparation  and  if  stocking  is  satisfactory  (se 

p.  4),  the  adjacent  area  (strip  or  stand)  of  matur 

spruce  should  be  clearcut  to  eliminate  further  seedin 
into  the  new  stand.  When  this  cutting  removes  all  matur 
spruce  within  seeding  range  (see  p.  5),  the  area  can  b 
seeded  artificially  after  broadcast  burning,  or  perhap 



naturally  by  seed  dispersed  before  and  during  full-tree 
skidding. 

Many  of  the  common  tree  associates  of  black  spruce 

reproduce  on  clearcut  areas,  especially  on  slash-burned 
seedbeds.  Tamarack  reproduces  well  after  broadcast 

burning  on  organic  soil  sites  if  even  a  few  seed-bearing 
trees  are  within  3  chains.  Although  it  is  usually 
outnumbered  by  black  spruce,  tamarack  grows  faster 
and  so  will  probably  be  an  important  component  of  the 
new  stand.  This  means  that  managers  who  want  pure 
tands  of  black  spruce  should  harvest  or  otherwise  kill  all 

seed-bearing  tamaracks  within  3  chains  of  clearcut  areas 

'before  burning.  Seeding  from  such  trees  could  also  be 
ivoided  by  clearcutting  large  areas  whose  interiors  are 
Dcyond  the  seeding  range  of  tamarack. 

Quaking  aspen  and  paper  birch  not  only  reproduce 

[veil  on  slash-burned  seedbeds  on  organic  soil  sites,  but 
dso  fairly  well  on  unburned  seedbeds  such  as  those 

esulting  from  full-tree  skidding.  These  trees  have  much 
p:eater  seeding  ranges  than  tamarack,  so  it  is  probably 
mpractical  to  substantially  reduce  their  natural  seeding, 

fortunately,  aspen  and  birch  are  not  expected  to 
everely  suppress  black  spruce  except  on  the  best  sites, 
iere  herbicide  spraying  may  be  necessary  to  release  the 

pruce  as  discussed  and  prescribed  under  "Intermediate 
treatment"  (p.  4). 

Direct  Seeding 

When  deciding  whether  or  not  to  clearcut  large  areas 
hat  require  direct  seeding,  the  manager  should  find  out 
f  he  can  obtain  enough  seed  of  acceptable  provenance  at 
easonable  cost. 

Black  spruce  has  generally  been  direct  seeded  at  a  rate 

if  about  4  ounces  (100,000  seeds)  per  acre  to  obtain  a 
lilacre  stocking  of  at  least  60  percent.  This  has 
ometimes  resulted  in  overstocking,  so  2  to  3  ounces  of 

;3ed  per  acre  should  be  adequate  on  well-prepared  sites, 
lowever,  the  manager  should  check  the  resulting  repro- 
uction  success  before  using  this  lower  rate  on  a  large 
ale. 

Controlling  Damaging  Agents 

Wind 

The  seed  need  not  be  stratified  but  probably  should  be 
eated  with  Arasan,  an  approved  and  effective  bird 
pellent  and  fungicide.  Sowing  should  be  done  between 

arch  and  mid-May  of  the  first  year  following  burning, 
hand  seeder  with  filler  such  as  fine-textured  vermi- 

ilite  is  efficient  for  seeding  small  areas.  Aircraft  or 
lowmobiles  are  more  efficient  for  seeding  large  areas. 

Breakage  and  uprooting  of  trees  by  wind  are  two  of 
the  most  important  causes  of  mortality  in  older  stands 
of  black  spruce.  Wind  breakage  is  more  frequent  in 
stands  with  butt  rot,  which  becomes  common  after 

about  100  years  on  organic  soU  and  70  years  on  mineral 
soil.  Both  breakage  and  uprooting  occur  mainly  along 
stand  edges  exposed  to  the  prevailing  wind  and  in  stands 

opened  up  by  partial  cutting.  By  using  the  rotations  and 

cutting  methods  recommended  in  tlus  handbook,  wind- 
caused  mortality  should  be  minimal. 

Dwarf  Mistletoe 

Eastern  dwarf  mistletoe  is  the  most  serious  disease  of 

black  spruce  in  the  Lake  States.  If  it  is  present,  trees  will 

have  "witches'  brooms",  which  are  easy  to  identify  (fig. 
7).  Mistletoe  significantly  reduces  volume  growth  and 

eventually  kills  trees,  so  it  should  be  controlled,  especial- 
ly on  the  better  sites.  This  can  be  done  by  killing 

infected  trees  because  mistletoe  survives  only  on  living 

trees  and  it  spreads  slowly. 

Figure  7.  -  These  readily  noticeable  witches'  brooms  are 
typical  of  those  occurring  in  black  spruce  stands  that 
are  heavily  infected  with  eastern  dwarf  mistletoe. 



The  following  general  guidelines  are  recommended  to 

help  the  manager  control  mistletoe: 
1.  Reproduce  and  maintain  dense  stands  because 

infection  spreads  more  slowly  and  causes  less  damage  in 
them  than  in  open  stands. 

2.  Clearcut  mature  stands  whether  they  have  mistletoe 

or  not.  However,  if  witches'  brooms  are  readily  notice- 
able, clearcut  not  only  the  infected  area  but  also  a 

surrounding  isolation  strip  of  black  spruce  that  appears 
to  be  entirely  uninfected.  This  is  to  remove  latent 
infections  that  caimot  be  seen.  The  strip  should  be  at 
least  1  chain  (66  feet)  wide  and  2  chains  are  preferable  if 
the  margins  of  the  infected  area  are  indistinct. 

All  infected  trees,  including  advance  reproduction  and 
especially  any  tall  unmerchantable  stems,  must  be  cut  or 
otherwise  killed  to  prevent  new  reproduction  from 

becoming  infected.  Broadcast  burning  of  slash  on  clear- 
cut  areas  is  highly  recommended  because  it  is  an 
effective  and  economical  way  to  kill  all  residual  trees 
and  to  prepare  the  site  for  black  spruce  reproduction. 
(See  Appendix,  p.  15,  for  burning  techniques.) 

3.  Small  pockets  (5  acres  or  less)  of  infected  trees  can 
arise  in  immature  stands  from  mistletoe  seed  carried 

inadvertently  by  birds  or  small  mammals.  These  pockets 
should  be  controlled  because  they  gradually  enlarge  and 
are  a  source  of  seed  for  starting  new  pockets,  which  can 
eventually  merge  with  older  ones.  As  in  mature  stands, 
all  trees  (including  reproduction)  should  be  killed  in  the 

infected  pocket  and  surrounding  1-  to  2-chain-wide 
isolation  strip.  This  can  be  done  by  cutting  but  it  is 
desirable  to  broadcast  burn  the  slash  where  feasible. 

4.  Areas  treated  for  mistletoe  and  those  where  witch- 

es' brooms  are  inconspicuous  or  apparently  absent 
should  be  checked  in  10  years  to  make  sure  the  disease  is 
under  control. 

Impeded  Drainage 

Poorly  constructed  or  maintained  roads  have  kill  i 
black  spruce  or  reduced  its  growth  on  thousands  of  aci 
of  organic  soil  in  the  Lake  States  by  impeding  t 
normal  movement  of  water.  Beaver  damming  of  natui: 

watercourses  or  man-made  drainage  ditches  has  similil 
effects.  Also,  pipelines  carrying  natural  gas  and  petii 
leum  will  cause  damage  unless  cross  drainage  is  provide 

Road-caused  damage  can  be  minimized  by  construi, 
ing  and  maintaining  adequate  collector  and  dischart 
ditches,  and  by  using  large  culverts  that  are  correct 
positioned  and  maintained.  Removal  of  beaver  dams  ai 
judicious  control  of  beaver  can  avert  damage  to  valuatn 
timber  and  the  unsightliness  of  dying  trees.  Pipelin 
should  have  cross  ditches  about  every  150  feet  or  le  i 
These  ditches  can  be  through  the  backfill  for  pipe  buriii; 
below  ground  or  beneath  pipe  placed  on  the  surface. 

Other  Agents 

Fortunately,    the    other    damaging   agents   of   blaj. 
spruce   seldom   are   serious.  Wildfire   easily  kills  bla 
spruce  trees  but  good  fire  protection  now  results  in  lit  i 
loss.  During  very  dry  periods  fires  can  burn  deeply 
organic  soil  and  become  extremely  difficult  to  put  on 
Needle    rusts   may   discolor   and   defoHate   some   trt 

enough  to  spoil  them  for  Christmas  trees.  Insects  such 
the  spruce  budworm,  eastern  spruce  beetle,  and  certE. 
sawflies    occasionally    attack    black   spruce.   Snowsh 
hares  sometimes  debark  and  browse  reproduction,  a: 
red    squirrels   can    spoil   Christmas    trees   by    clippi 

cone-bearing  branches.  Black  spruce  is  browsed  oc( 

sionally  by  moose  but  rarely  by  white-tailed  deer. 

OTHER  RESOURCE  CONSIDERATIONS 

Christmas  Trees 

Extensive  stands  of  black  spruce  with  a  site  index  of 
less  than  25  have  supported  a  sizable  Christmas  tree 
industry  for  several  decades,  particularly  in  Minnesota. 

These  Christmas  trees,  which  require  special  processing 
to  retain  their  needles,-  are  the  top  3  feet  of  old  trees 
about  20  to  35  feet  tall.  Since  only  some  trees  have 
suitable  tops,  the  stands  are  partially  cut.  Many  stands 
have  been  cut  more  than  once  about  10  years  apart 
when  other  trees  have  developed  satisfactory  tops. 

However,  harvesting  of  black  spruce  Christmas  tre ; 
has  declined  greatly  in  recent  years  and  is  now  on 
limited  scale.  This  is  apparently  because  most  of  1 1 
present  stands  are  no  longer  producing  suitable  trees  f  J 
the  market,  which  requires  higher  quality  than  it  us  , 
to.  Therefore,  the  future  of  black  spruce  Christmas  treil 
and  how  to  manage  for  them  are  uncertain. 

The  best  indications  are  that  a  limited  market  w. 

continue,  but   that   there  is  considerable  potential    ' 
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jxpand  it  by  producing  better  quality  trees.  The  specific 

•equirements  for  such  trees  would  have  to  be  worked 
)Ut  with  industry.  However,  these  trees  could  probably 

)e  grown  faster  and  more  efficiently  if  management  is 
;oncentrated  on  less  extensive  areas  where  the  site  is 

;omewhat  better  than  in  present  stands,  or  is  improved 

)y  a  limited  amount  of  drainage  and  perhaps  fertiliz- 
tion.  It  is  also  possible  that  some  of  the  stands  that 
vere  cut  earlier  will  produce  another  crop  of  Christmas 
rees  in  the  future. 

1 

'  As  in   the   past,  stands  that  are  managed  for  black 

Spruce  Christmas  trees  in  the  future  should  be  partially 
"ut  about  every    10  years.  If  they  are  not  harvested 
''jgularly   some   trees  may  become  unmarketable.  For 
"xample,  red  squirrels  can  spoil  tree  form  by  clipping 
's one-bearing  branches  during  good  seed  years.  Trees  of 
Acceptable  quality  will  usually  not  be  abundant  enough 
D  result  in  overcutting  the  stand.  Since  succeeding  crops 
ome  from  the  remaining  stand,  it  should  be  protected 
s  much  as  possible  during  each  cutting.  Fortunately, 
ind  damage  is  rare  because  the  trees  are  shorter  and 

'*iore  open  grown  than  in  pulpwood  stands. 

Wadlife  Habitat 

"  The  black  spruce  type  is  utilized  to  some  extent  by 
any  wildUfe  species,  a  few  of  which  are  mentioned 
sewhere  in  this  handbook.  New  harvest  areas  and 

^')ung  stands  certainly  produce  different  or  more  abun- 
^|nt  browse  and  other  wildlife  food  than  mature  black 

ruce  stands.  Therefore,  shrubs  and  hardwoods  should 

t  be  killed  back  with  herbicide  spraying  until  black 
ruce  reproduction  definitely  needs  release  (see  p.  4). 
id  even  then,  all  dogwood,  willow,  quaking  aspen,  and 
her  hardwoods  should  not  be  killed  because  some 

ixture  of  these  shrubs  and  trees  with  black  spruce 
^bably  enhances  wildlife  habitat. 

Th( le  spruce  grouse   is  of  special  interest  because  it 
pends  on  the  black  spruce  type  for  most  of  its  habitat 
eds.   Spruce    grouse    apparently   use   noncommercial 
ack  spruce  sites  more  than  commercial  sites,  so  their 

'    bitat  may  be   only   moderately   affected  by  timber 
agement.  However,  spruce  grouse  habitat  can  pro- 

iWJ 

bly  be  maintained  or  enhanced  on  commercial  sites  by 

jVing  the  following  kinds  of  black  spruce  stands  within 
mpartments  of  160  acres  or  less: 

Mature  stands  with  high  basal  areas  (more  than  1 50 

^^are  feet  per  acre)  are  important  as  display  habitat  for 
fe  grouse  in  late  spring.  These  stands  are  characterized 

..- 
itiii 

by  Utile   or  no   undergrowth  and  a  ground  cover  of 
feather  moss. 

2.  Young  stands  of  black  spruce  10  to  15  feet  tall 
with  dense  shrub  and  herbaceous  layers  are  used  by 
female  grouse  for  cover  and  feeding  before  and  after 

nesting.  Labrador-tea  and  leather-leaf  are  usually  the 
dominant  species  of  the  undergrowth  and  sphagnum 
moss  of  the  ground  cover. 

3.  Mature  spruce  stands  with  moderate  basal  areas  (80 

to  100  square  feet  per  acre)  and  little  or  no  under- 
growth, as  well  as  young  spruce  stands  with  a  dense 

shrub  cover,  are  used  for  nesting. 
4.  Black  spruce  stands  with  trees  20  to  60  feet  tall  and 

about  150  square  feet  of  basal  area  per  acre  are 
important  habitat  for  both  sexes  in  fall  and  winter. 

Therefore,  to  provide  the  overall  habitat  needs  of 
spruce  grouse,  harvesting  of  black  spruce  should  be 
planned  carefully  so  that  each  compartment  will  have 
the  kinds  of  stands  just  described.  This  can  be  done  by 
clearcutting  in  strips  or  patches  that  are  well  distributed 

in  the  compartment  and  over  time.  Further,  the  object- 
ive should  be  to  break  up  extensive,  pure  stands  of  black 

spruce  because  transition  zones  with  other  forest  types 
and  some  mixture  of  tamarack  seem  to  benefit  spruce 

grouse.  Recording  the  kind  and  density  of  undergrowth 
in  spruce  stands  during  forest  inventory  would  aid  the 
manager  interested  in  coordinating  timber  and  grouse 

management. 

Water 

Current  research  findings  indicate  that  clearcutting 

black  spruce  in  strips  or  large  patches,  or  broadcast 

burning  the  slash  changes  the  quantity  of  water  little  on 
organic  soil  sites.  However,  if  a  stream  flows  from  or 
through  a  clearcut  area,  the  water  will  have  a  higher 
concentration  of  certain  nutrients  for  a  few  years  with 

or  without  burning.  Whether  or  not  this  increase  in 
nutrients  will  have  an  important  effect  downstream, 

especially  in  lakes,  is  still  unknown. 

Esthetics 

The  manager  can  minimize  the  impact  of  harvesting  on 
the  esthetic  appeal  of  the  black  spruce  type  by:  (1) 

having  harvest  boundaries  follow  natural  site  or  forest 
type  lines  and  (2)  removing  heavy  slash  cover  and 
otherwise  leaving  harvest  areas  neat.  Slash  can  either  be 

broadcast  burned  or  removed  by  full-tree  skidding  and 
burned  at  the  landing. 
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APPENDIX 

Yield  and  Growth 

The  information  presented  here  enables  the  manager 
to  estimate  the  present  yield  and  future  growth  of  any 
black  spruce  stand  given  its  site  index,  age,  and  basal 
area.  Site  index  is  obtained  from  the  average  age  (total) 

and  average  height  (total)  of  dominant  and  codominant 
trees  (fig.  8).  Yield  and  growth  are  given  in  total  cubic 
feet  (gross  peeled  volume  of  entire  stem)  (tables  1  and  2) 
and  in  cords  (gross  rough  volume  to  a  variable  top  d.i.b. 
of  not  less  than  3.0  inches)  (tables  3  and  4).  All  values 
are  for  trees  3.6  inches  d.b.h.  and  larger.  Growth  is 

periodic  net  annual  increment,  which  takes  into  account 
ingrowth  and  mortality. 

The  yield  of  any  stand  can  be  projected  by  adding 
present  yield  and  future  growth.  However,  growth 

should  not  be  calculated  for  more  than  a  10-year  period. 
The  following  example  shows  how  to  use  the  tables: 

What  is  the  estimated  cubic-foot  yield  in  5  years  of  a 
stand  with  site  index  35,  age  140  years,  and  basal  area 
110  square  feet  per  acre?  First,  determine  the  present 
yield  from  table  1;  this  requires  interpolating  between 

the  values  for  100  and  120  square  feet  of  basal  area, 

present  yield  =  (2,090  +  2,500)  -^  2  =  2,295.  Seco 
determine  the  net  annual  growth  from  table  2  , 

multiply  this  by  5  to  get  the  total  growth  for  5  ye 

(50  +  46)  ̂   2  =  48  and  48  x  5  =  240.  Therefore, 

stand's  yield  in  5  years  =  2,295  +  240  =  2,535  cubic  fi 

The    manager    should    use    the    yield    and   gro\ 
information  in  this  handbook  with  caution,  especially 
mineral  soil  sites.  The  site  index  curves  (fig.  8)  are  ba 

on  stands  that  presumably  grew  on  mineral  soil  sites  i 
organic  soil  sites,  so  these  curves  should  be  satisfact 
for  both  kinds  of  sites.  Also,  the  yields  (tables  1  and 
should  be  reasonably  accurate  for  both  kinds  of  s 
because  various  basal  areas  can  be  used  to  take  caree 

any  differences  in  stand  density.  However,  the  values 

growth  (tables  2  and  4)  should  be  used  with  consider^ 
caution  on  mineral  soil  sites  because  these  values 

based  on  data  from  organic  soil  sites,  which  may  h 
somewhat  different  growth  rates.  For  more  comp. 
and    detailed   information    on    yield   and  growth, 

manager  should  consult  the  reference  footnoted  in 
tables. 
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Figure  8.  —  Site  index  curves  for  black  spruce  stands.  Adapted  from  Perala  1971. 
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Table  1.  —  Cubic- foot  yield  of  black  spruce  stands  by  site  index,  age,  and  basal  area^ 

SITE   INDEX  45 

Age 

(years) 

Height  of 
dominants 

and  co- dominants 

Basal  area  per  acre  (square  feet) 

60 
:   80   : 

100 :   120 
140   : 

160 

(feet) -  -  Total 

/^jJll'  /^ 

feet  per 

2,660 
60 

51 1,360 1,800 2,230 3,090 80 
60 1,420 1,870 2,320 2,770 

3,220 3,660 100 67 
1,450 1,920 2,380 2,840 3,290 3,750 120 71 
1,470 1,950 2,420 2,880 3,350 

3,810 
140 74 

1,490 1,970 2,440 2,910 3,380 3,850 160 77 1,500 1,980 
2.460 2,940 3,410 3,880 SITE  INDEX  35 

60 40 
1,170 1,540 1,910 2,280 2,650 

— 

80 46 
1,210 1,600 1,990 2,380 2,760 3,140 

100 
51 1,240 1,640 2,040 2,430 2,820 3,210 120 55 

1,260 1,670 2,070 2,470 2,870 3,260 140 58 
1,280 1,690 2,090 2,500 2,900 3,300 

160 60 
1,290 1,700 2,110 2,520 2,930 3,330 SITE  INDEX  25                          1 

60 
28 

950 
1,250 1,560 1,860 

— — 

80 
33 990 1,310 1,620 

1,930 2,240 

— 

100 36 
1,010 1,340 1,660 1,980 2,300 

2,610 120 38 
1,030 1,360 1,690 2,010 2,330 2,660 140 40 
1,040 1,370 1,700 2,030 2,360 

2,690 160 
42 

1.050 1.380 1.720 2.050 2.380 2.710 
Values  are  for  trees  3.6  inches  d.b.h.  and  larger.   Adapted 

from  Perala  1971, 

Table  2.  -  Net  annual  cubic-foot  growth  of  black  spruce 

stands  by  site  index,  age,  and  basal  area^ 

SITE INDEX 
45 

Age 

(years) 

:  Bas al  area  p er  acre  (square  feet) 
:  60 :   80 : 100  : 120 :  140  : 160 

-  - 
Total cubia  feet  per 

acre  -  - 

- 

60 
92 

85 
68 44 16 — 

80 
76 

74 
64 

48 

26 — 
100 66 

67 62 50 34 

14 
120 

59 62 60 52 

41 25 
140 

54 58 
59 

54 

46 34 
160 

50 
56 

57 
55 

50 

43 
SITE INDEX 35 

60 78 
73 

58 
38 14 — 

80 65 
64 

55 41 22 — 

100 
56 58 53 

43 

29 

12 
120 50 53 

51 

45 
35 21 

140 
46 

50 
50 

46 39 29 
160 

43 
48 49 48 43 37 

SITE INDEX 
25 

60 64 59 48 

31 

— — 

80 53 
52 

45 

33 

18 — 

100 
46 

47 43 35 24 10 
120 

41 43 

42 36 

28 17 
140 

37 41 
41 

38 32 

24 

160 35 39 40 39 35 

30 Values 
and  larger. 

are  for  t 

Adapted  f 

rees  3 
rom  Pe 

.6  Inches 
rala  1971 

d.b.h. 
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Table  3.  -  Cordwood  yield  of  black  spruce  stands  by  site 

index,  age,  and  basal  area^ 
SITE   IbfDEX  45 

Age 

(years) 

Height  of 
dominants 

and  co- dominants 

Basal area  per  acre  (square  feet) 

60   : 80   : 100  : 120   : 140  : 160 
(feet) 

_  _  _ -  -  Cords  per 

60 51 
14 18 22 27 

31 
80 60 

15 20 
24 

29 

33 38 
100 

67 
16 20 

25 

30 

35 

40 
120 

71 
16 21 

26 

31 36 41 
140 

74 
16 

22 

27 

32 

37 42 

160 77 17 

22 

27 

32 

38 43 
SITE INDEX 

35 

60 

40 
10 14 17 

20 

23 — 

80 
46 

11 
15 

18 22 

25 

29 

100 
51 

12 16 19 

23 

26 30 
120 

55 

12 
16 

20 

24 27 

31 
140 

58 12 
16 

20 

24 

28 

32 
160 60 13 17 21 

25 

28 

32 
SITE INDEX 

25 

60 
28 

7 10 

12 

14 — — 
80 33 8 10 

13 15 

18 

— 
100 36 8 11 13 16 18 

21 

120 
38 

8 11 14 16 

19 

22 
140 40 9 11 14 17 

19 

22 
160 42 9 12 

14 

17 20 22 

Values  are   for   trees   3.6   inches  d.b.h.   and  larger. 
Adapted   from  Perala  1971. 

Table  4.  —  Net  annual  cordwood  growth  of  black  spruce 

stands  by  site  index,  age,  and  basal  area^ 
SITE   INDEX  45 

Age 

(years) 

:    Basal  area  per acre  (square  feet) 
:   60   :  80  : 100 :  120  : 

140   : 160 

60 1.0   0.9 0.7    0.5 0.2 80 
.8    .8 

.7 .5 .3 
— 

100 .7    .7 
.7 

.6 

.4 0.2 120 
.6    .7 .7 

.6 

.5 .3 

140 .6    .6 
.6 .6 .5 .4 

160 .6    .6 .6 .6 .6 

.5 

SITE INDEX 35 

60 
0.7   0.7 0.6 

0.4 

0.2 
— 

80 .6    .6 

.5 
.4 

.2 — 
100 .5    .6 

.5 

.4 

.3 

0.1 
120 .5    .5 

.5 
.4 

.3 

.2 
140 .4    .5 

.5 

.4 

.4 .3 

160 .4    .5 
.5 .5 

.4 

.4 

SITE INDEX 
25 

60 0.5   0.5 
0.4 

0.3 — — 
80 .4    .4 .4 

.3 

0.2 — 
100 .4    .4 

.4 .3 .2 

0.1 120 .3    .4 

.3 
.3 

.2 .2 
140 .3    .3 

.3 .3 

.3 

.2 
160 .3    .3 

.3 .3 .3 

.2 
Values  are  for  trees  3.6  inches  d.b.h. 

and  larger.   Adapted  from  Perala  1971. 
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Broadcast  Burning  Techniques 

Research  and  experience  in  northern  Minnesota  and 

upper  Michigan  have  shown  that  black  spruce  slash, 
whether  pure  or  mixed  with  slash  of  associated  conifers, 

can  be  broadcast  burned  safely,  effectively,  and  econom- 
ically on  organic  soil  sites.  So  burning  on  such  sites 

should  be  successful  throughout  the  Lake  States  after 

resource  managers  gain  some  local  experience. 

If  burning  is  a  recommended  practice  (see  p.  2),  the 
area  involved  must  be  located  and  harvested  in  such  a 

way  that  it  can  be  burned  safely  and  efficiently.  The 
main  requirements  for  setting  up  and  conducting  a 
successful  broadcast  burn  are: 

1 .  Locate  burn  area  on  undrained  organic  soil  to  avoid 
deep  ground  fires  that  are  difficult  and  expensive  to  put 
out.  Unless  burning  is  essential  for  site  preparation,  slash 

should  be  removed  by  full-tree  skidding  near  drained 
organic  soil,  such  as  along  ditches,  and  near  upland  sites. 
Burning  near  drained  organic  soil  should  be  done  only 
after  the  surface  soil  has  been  wet  down  thoroughly.  A 
mineral  soil  firebreak  should  be  constructed  near  upland 
sites. 

2.  Make  edges  of  burn  area  smooth  and  reasonably 
straight  to  avoid  control  problems  resulting  from  sharp 
angles. 

3.  Cut  all  unmerchantable  trees  near  the  edge  of  the 

jburn  area. 
4.  Plan  cutting  and  skidding  so  as  to  distribute  the 

Slash  evenly,  thus  ensuring  that  the  fire  will  spread  over 
the  entire  burn  area. 

5.  Leave  a  slash-free  alley  about  1/2  chain  wide  around 
the  perimeter  of  the  burn  area. 

6.  Burn  slash  within  a  year  after  harvesting. 

7.  Burn  when  conditions  will  ensure  consumption  of 
most  slash  less  than  1  inch  in  diameter  (see  below). 

8.  Burn  when  the  wind  direction  is  away  from  adjacent 
timber  to  avoid  serious  crown  scorch  or  mortality.  If  the 
burn  area  is  completely  surrounded  by  timber  or  the 
desired  wind  direction  is  uncommon,  then  use  center 

firing  when  the  wind  speed  is  only  0  to  5  miles  per  hour. 

Black  spruce  slash  has  been  broadcast  burned  success- 
fully under  a  wide  range  of  conditions.  However, 

research  and  experience  indicate  that  burning  severe 
enough  to  kill  back  brush  or  improve  nonsphagnum 
seedbeds  requires  drier  and  hotter  conditions  than 
burning  to  just  consume  slash  or  kill  residual  trees, 
which  simultaneously  eradicates  dwarf  mistletoe.  Most 

burning  has  been  done  under  the  following  conditions: 

Time  or  weather 
variable 

Time  of  year 

Time  since  rain 

>0.1  inch 
Minimum 
relative  humidity 

Maximum  air 

temperature 
Maximum  wind 

speed 

Burns  in  general  Severe  burns 

May  to  October  July  to  August 

3  to  10  days  >7  days 

30  to  60  percent  <45  percent 

(,(f  io9(fv  >80°F 
5  to  15  mph  5  to  15  mph 

On  mineral  soil  sites,  broadcast  burning  must  be  severe 
enough  to  expose  mineral  soil  if  natural  or  direct  seeding 
is  planned.  Hov/ever,  local  conditions  and  experience 
may  indicate  that  mechanical  ground  preparation  such  as 
scarification  is  more  efficient  than  burning. 
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Metric  Conversion  Factors 

To  convert to Multiply  by 

Acres Hcctar<!S O.AOn 

Board  feet' Cubic  ir:ctcvs 0.005 

Board  feet /acre' Cubic  neters/1-.ectare 0.012 
Chains Meters 20.117 

Cords' 
Cubic  meters 

2.605 

Cords/acre Cubic  mcterij/hectare 6.437 

Cubic  feet Cubic  mctera 0.028 
Cubic  feet/acre Cubic  meters/hectare 0.070 
Degrees  Fahrenheit Degrees  Celsius 

2 

Feet Meters 0.305 
Gallons Liters 3.785 
Gallons/acre Liters/hectare 9.353 
Inches Centiirecers 2.540 
Miles Kiloineters 1.609 

Miles /hour Meters/second 0.447 

Number/acre Number/hectare 2.471 
Ounces Grams 28.350 

Ounces/acre Grams/hectare 70.053 
Pounds Kilograms 0.454 
Pounds/acre Kllogiams /hectare 1.121 

Pounds/gallon Kilograms/liter 0.120 
Square  feet Square  meters 0.093 

Square  feet/acre Square  meters/hectare 0.230 
Tons Metric  tons 0.907 
Tons/acre Metric  tons/hectare 

2.2i2 
The  conversion of  board  feet  and  cords to  cubic 

meters  can  only  be  a pproximate;  the  factors 
".re  based 

on  an  assumed  5.653 board  feet  (log  scale)  p er  cubic 
foot  and  a  cord  w!.tb 92  cubic  feet  of  solid material. 

^To  convert  °F to  °C,  use  the  forr.iula  5/9  (°F-32) 

Common  and  Scientific 

Names  of  Plants  and  Animals 

Plants 

Cornnon  name  Scientific  name 

Alder,    speckled    AIywlB  rugoea 
Ash,   black    Fraxinue  nigra 
Aspen,    quaking      Populue   tremuloides 
Birch,    paper       Betula  papyrifera 

Dogwood,    red-osier      Cornua  etolonifera 
Fir,   balsam        Abies  balsamea 

Labrador-tea      Ledum  groenlandiaum 
Leather-leaf       Chamaedaphne  oalyaulata 
Maple,    red    Acer  rubrum 
Mistletoe,    eastern  dwarf    .    .    .  Aroeuthobium  pueillum 
Moss: 

Dicranum    Dicranim  polysetvm 
Feather    Main  species  are: 

Hyloaomium  eplendens 
Pleuroziwn  echreberi 
Ftilium  crista-castrensi 

Sphagnum      Sphagnum  spp. 
Poplar,   balsam      Populus  balsamifera 
Rust,   needle       Ckryeomyxa   spp. 
Spruce,   black         Picea  mariana 
Tamarack      Larix  laricina 

White-cedar,   northern     ....  Thuja  oaaidentalis 
Willow     Salix  spp. 

Animals 

Beaver     Castor  canadensis 
Beetle,  eastern  spruce  ....  Dendroctonus  obesus 
Budworm,  spruce      Choristoneura  fumiferana 

Deer,  white-tailed     Odocoileus  virginianus 
Grouse,  spruce     Canachites  canadensis 
Hare ,  snowshoe     Lepus  ameriaanus 
Moose   Aloes  alces 
Squirrel,  red      Tamiasciurue  hudsonicus 
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PESTICIDE  PRECAUTIONARY  STATEMENT 

Pesticides  used  improperly  can  be  injurious  to  man,  animals,  and  plants.  Follow  the 
directions  and  heed  all  precautions  on  the  labels. 

Store  pesticides  in  original  containers  under  lock  and  key  —  out  of  the  reach  of  children 
and  animals  -  and  away  from  food  and  feed. 

Apply  pesticides  so  that  they  do  not  endanger  humans,  livestock,  crops,  beneficial 
insects,  fish,  and  wUdlife.  Do  not  apply  pesticides  when  there  is  danger  of  drift,  when 
honey  bees  or  other  pollinating  insects  are  visiting  plants,  or  in  ways  that  may 
contaminate  water  or  leave  illegal  residues. 

Avoid  prolonged  inhalation  of  pesticide  sprays  or  dusts;  wear  protective  clothing  and 
equipment  if  specified  on  the  container. 

If  your  hands  become  contaminated  with  a  pesticide,  do  not  eat  or  drink  until  you  have 
washed.  In  case  a  pesticide  is  swallowed  or  gets  in  the  eyes,  follow  the  first-aid  treatment 
given  on  the  label,  and  get  prompt  medical  attention.  If  a  pesticide  is  spilled  on  your  skin 
or  clothing,  remove  clothing  immediately  and  wash  skin  thoroughly. 

Do  not  clean  spray  equipment  or  dump  excess  spray  material  near  ponds,  streams,  or 
wells.  Because  it  is  difficult  to  remove  all  traces  of  herbicides  from  equipment,  do  not  use 
the  same  equipment  for  insecticides  or  fungicides  that  you  use  for  herbicides. 

Dispose  of  empty  pesticide  containers  promptly.  Have  them  buried  at  a  sanitary 
land-fill  dump,  or  crush  and  bury  them  in  a  level,  isolated  place. 

Note:  Some  States  have  restrictions  on  the  use  of  certain  pesticides.  Check  your  State  and 
local  regulations.  Also,  because  registrations  of  pesticides  are  under  constant  review  by 
the  Federal  Environmental  Protection  Agency,  consult  your  county  agricultural  agent  or 
State  extension  specialist  to  be  sure  the  intended  use  is  still  registered. 
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FOREWORD 

This  is  one  of  a  series  of  manager's  handbooks  for  important  forest 
types  in  the  north  central  States.  The  purpose  of  this  series  is  to  present 
the  resource  manager  with  the  latest  and  best  information  available  on 
handling  these  types.  Timber  production  is  dealt  with  more  than  other 
forest  values  because  it  is  usually  a  major  management  objective  and 

more  is  generally  known  about  it.  However,  ways  to  modify  manage- 
ment practices  to  maintain  or  enhance  other  values  are  included  where 

sound  information  is  available. 

The  author  has,  in  certain  instances,  drawn  freely  on  unpublished 
information  provided  by  scientists  and  managers  outside  his  specialty. 
He  is  also  grateful  to  the  several  technical  reviewers  in  the  region  who 
made  many  helpful  comments.  In  particular,  Louis  J.  Verme  of  the 
Michigan  Department  of  Natural  Resources  provided  considerable 

information  on  deeryard  management  in  the  northern  white-cedar  type. 

The  handbooks  have  a  similar  format,  higlilighted  by  a  "Key  to 
Recommendations".  Here  the  manager  can  find  in  logical  sequence  the 
management  practices  recommended  for  various  stand  conditions. 
These  practices  are  based  on  research,  experience,  and  a  general  silvical 
knowledge  of  the  predominant  tree  species. 

All  stand  conditions,  of  course,  cannot  be  included  in  the  handbooks. 

Therefore,  the  manager  must  use  technical  skill  and  sound  judgment  in 
selecting  the  appropriate  practice  to  achieve  the  desired  objective.  The 
manager  should  also  apply  new  research  findings  as  they  become 
available  so  that  the  culture  of  these  important  forest  types  can  be 
continually  improved. 



NORTHERN  WHITE-CEDAR 
IN  THE  NORTH  CENTRAL  STATES 

William  F.  Johnston, Principal  Silviculturist 
Grand  Rapids,  Minnesota 

SILVICAL  HIGHLIGHTS 

The  northern  white-cedar'  type  occupies  2  milUon 
res  of  commercial  forest  land  in  the  northern  Lake 

ates;  three-fifths  of  this  total  occurs  in  Michigan. 

Drthern  white-cedar  grows  mainly  on  organic  soil 
lere  its  growth  rate  increases  as  the  soil  is  more 
composed  and  has  more  actively  moving  soil  water, 

liite-cedar  grows  in  pure  stands  but  more  commonly  is 
xed  with  such  trees  as  balsam  fir,  black  spruce, 

Tiarack,  and  black  ash.  Northern  white-cedar  may 
rpetuate  itself  in  pure  stands,  whereas  other  trees  seem 

j  gradually  replace  it  in  mixed  stands,  particularly  after 
[iturbances.  White-cedar  lives  longer  than  associated 
t  es,  reaching  ages  of  400  or  more  years  on  organic  soil 
as. 

I  'Jorthern  white-cedar  produces  good  seed  crops  every 
o  5  years.  Germination  and  early  growth  are  best  on 

moist  seedbeds  such  as  rotten  wood,  compacted  moss  as 
in  skid  roads,  and  burned  soils.  Vegetative  reproduction 
by  layering  is  common  on  organic  soil  sites.  Northern 

white-cedar  can  survive  in  the  shade  for  several  years  and 
yet  responds  well  to  release  at  nearly  all  ages.  So, 

depending  on  their  history,  white-cedar  stands  can  be 
uneven-aged  as  well  as  even-aged. 

The  main  damaging  agents  of  northern  white-cedar  are 

wind,  deer  and  hare,  and  impeded  drainage.  The  rela- 

tively shallow  root  system  of  white-cedar  makes  it 

susceptible  to  uprooting  where  trees  are  exposed  to  the 

wind.  Short  trees  and  reproduction  are  often  over- 
browsed  by  deer  and  hare.  Drainage  impeded  by  roads 

and  beaver  has  killed  white-cedar  and  associated  trees  on 

thousands  of  acres  of  organic  soil. 

MANAGEMENT  OBJECTIVES  AND  NEEDS 

he    assumed   objective    in    managing    the    northern 

^ite-cedar    type   is   to   produce   at   least   a  moderate 
l|tained  yield  of  merchantable  timber  as  efficiently  as 
sible,  while  maintaining  or  increasing  the  quality  and 
Intity   of  deeryards   and  other  forest  values.  Some 
puree  managers  may  be  able  to  concentrate  their 
;jrts  on  either  timber  or  deeryards.  However,  most 

iipagers  will  need  to  consider  both  because  timber 
ilhagement    and    deeryard    management   are    usually 

I  sparable  in  the  white-cedar  type. 

/herever  possible,  the  type  should  be  managed  in 

f3[ly  large,  even-aged  stands  because  these  are  appar- 
illy  best  for  both  timber  production  and  deeryards, 
IH  are  well  suited  for  efficient  cultural  operations  and 

iFor  scientific   names  of  plants  and  animals,  see 
[jiendix.p.  16. 

mechanized  harvesting.  Practices  to  enhance  other  wild- 
life habitat,  water,  and  esthetics  are  Umited,  but  will  be 

discussed  under  "Other  Resource  Considerations" 
(p.  10),  along  with  practices  for  managing  deeryards. 

The  demand  for  high  quality  white-cedar  timber  is 
strong,  but  the  type  is  being  undercut  in  parts  of  the 
Lake  States  because  many  mature  stands  do  not  have 
enough  such  timber  for  a  commercial  harvest.  Thus  there 
is  a  need  to  practice  more  intensive  management  that 
will  result  in  merchantable  stands.  It  is  especially 

important  to  obtain  satisfactory  reproduction  promptly 
after  harvesting  on  brushy  areas.  If  not  stocked  early 
with  trees,  these  areas  convert  to  lowland  brush  and 
become  difficult  and  expensive  to  reforest. 

The  white-cedar  type  is  also  generally  valuable  for 
deeryards  in  the  northern  Lake  States,  but  some  yards 



support  relatively  few  or  no  deer  at  present  because  of 
inadequate  shelter,  browse,  or  both.  More  intensive 
management  is  needed  to  restore  traditional  yards  (past 
and  present),  and  to  produce  new  ones  that  will  have  at 
least  a  moderate  carrying  capacity.  Although  special 
funds  may  be  available  (or  necessary)  for  some  areas, 
most  deeryard  management  will  have  to  be  accomplished 

in  conjunction  with  timber  management.  This  will 

require  careful  long-range  planning  and  coordinated 
action  by  timber  and  wildlife  managers.  An  adequate 
sustained  amount  of  deer  shelter  and  browse,  in  addition 

to  timber,  is  possible  only  if  the  white-cedar  type  i: 
managed  so  that  stands  at  different  stages  of  develop 

ment  are  properly  distributed  throughout  the  forest. 

The  practices  recommended  here  should  result  ii 

improved  management  of  the  white-cedar  type,  but  littli 
information  exists  on  their  costs  and  returns.  Relative 

costs  are  given  for  a  few  alternative  practices,  but  mos 
economic  decisions  will  have  to  be  based  on  th<i 

particular  situation  and  the  manager's  experience  ami 

judgment. 

KEY  TO  RECOMMENDATIONS 

Recommendations  for  managing  northern  white-cedar 

stands  are  given  in  the  following  key,  which  contains  a 
series  of  alternative  statements  about  various  stand 

conditions.  The  statements  include  references  to  the  text 

where  these  conditions  are  discussed.  So,  with  accurate 

knowledge  of  a  stand,  the  resource  manager  can  find  out 

the  recommended  practices. 

3. 

5. 

5. 

7. 

Starting  with  the  first  pair  of  like-numbered  statei 
ments,  select  the  one  statement  that  better  describes  thh 

stand  in  question  and  obtain  a  final  recommendation, 

partial  recommendation  plus  a  number,  or  a  numbei' 
alone.  If  a  number  is  given,  repeat  the  selection  proces! 
until  a  final  recommendation  is  reached.  The  overaa 

recommendation  is  the  sum  of  the  partial  recommenddi 
tions  arrived  at  while  going  through  the  key. 

I 

Site  index  less  than  25       MANAGE  STAND  EXTENSIVV 

See  "Site  Productivity",  p.  3 
Site  index  25  or  more   MANAGE  STAND  INTENSIVELY 

I 

2.     Stand  immature       DO  INTERMEDIATE  TREATM-l 

See  "Rotation",  p.  3  and  "Intermediate  Treatment",  p.  4 
2.     Stand  mature   

Stand  small  and  provides  only  adequate  deer  shelter  in  vicinity   OBTAIN/MAINTAIN  CLC 
EVERGREEN  CAN\1 

See  "Deeryards",  p.  10 
Stand  large;  or  stand  small  but  not  used,  or  others  available,  for  deer  shelter   

4.     Associated  trees  abundant       DO  PREPARATORY  TREATMVI 

See  "Preparatory  Treatment",  p.  5 
4.     Associated  trees  scarce   REPRODUCE  STAND  BY  STRIP  CUTTING  . 

First  or  intermediate  set  of  strips   USE  CLEARCUTTING 

See  "Reproduction  Cutting",  p.  6 
Last  set  of  strips        USE  SHELTERW  ■ 
6.     Residual  stems  abundant   

See  "Residual  Stems",  p.  7 
6.     Residual  stems  scarce   

White-cedar  a  major  component        

See  "Residual  Stems",  p.  7 
White-cedar  a  minor  component   

8.     White-cedar  less  than  50  years  old  and  in  good  health       SAVE  RESIDUAL  S' I 
See  "Residual  Stems",  p.  7 

8.     White-cedar  SO  or  more  years  old,  or  in  poor  health   KILL  RESIDUAL  STEMS  ' 

I 



)    Slash  cover  light   SPREAD  SLASH  EVENLY,  USE  NATURAL  SEEDING 

See  "Slash  Cover",  p.  7  and  "Natural  Seeding",  p.  8 
>    Slash  cover  heavy   10 

10.  Clearcut  strips  1  or  2  chains^  wide   SKID  FULL  TREES,  USE  NATURAL  SEEDING 
See  "Reproduction  Cutting",  p.  6  and  "Slash  Cover",  p.  7 

10.  Clearcut  strips  3  chains  wide   BROADCAST  BURN  SLASH.  USE  NATURAL  SEEDING 

See  "Broadcast  Burning  Techniques",  p.  15 

TIMBER  MANAGEMENT  CONSIDERATIONS 

"ontrolling  Growth  and  Composition 
» e  Productivity 

he  northern  white-cedar  type  is  found  mainly  on 
liiiic  soil  in  the  Lake  States,  but  it  also  occurs  on 

1  eral  soil.  Growth  rate  varies  greatly;  height  of 

(imant  white-cedar  trees  at  50  years  ranges  from  at 
!;i  40  feet  on  the  best  sites  to  less  than  15  feet  on  the 

c  rest.  Mature,  fully  stocked  stands  of  pure  white- 
jir  (at  least  80  percent)  on  good  sites  commonly  yield 
,)0  merchantable  cubic  feet  or  50  cords  per  acre  for 
(s  5.0  inches  d.b.h.  and  larger.  Much  of  this  volume  is 
logs  and  poles,  whereas  many  stands  on  poor  sites 
rduce  only  small  posts.  (See  Appendix  for  site  index 

jes  and  yield  of  white-cedar  stands.) 

;gree  of  decomposition,  botanical  origin,  and  natural 
riiage  of  the  upper  horizons  of  organic  soil  are  good 
i  es  to  site  productivity,  whereas  total  depth  is  a  poor 
1  e  by  itself.  The  best  sites  have  moderately  to  well 
;)mposed  organic  soil  that  is  derived  from  woody 
its  or  sedges  and  is  neutral  or  slightly  alkahne. 
cever,  the  upper  4  inches  on  these  sites  may  be 
3  ly  decomposed  sphagnum  or  other  mosses.  The  best 

ti  have  actively  moving  soil  water  and  are  usually  near 
rims  or  other  drainageways.  In  contrast,  the  poorest 
ti  have  poorly  decomposed,  acid  soO  that  is  derived 
ci  plants  such  as  sphagnum  moss  throughout  the 
h!e  root  zone.  These  sites  have  little  water  movement 

>apt  during  snowmelt)  and  are  often  far  from 
ciageways. 

t  tensive  management  is  recommended  where  the  site 
d>c  for  white-cedar  is  less  than  25.  Stands  on  such 

'.(.  are  best  suited  for  producing  only  small  posts  and 
■i  browse,  whereas  stands  on  better  sites  should  be 

aiged  to  produce  larger  timber  and  deer  shelter  (in 
k.ion  to  posts  and  browse).  Clearcutting  in  strips  at 
t  ion  age,  and  slash  disposal  to  ensure  reproduction, 
ethe  only  silvicultural  practices  recommended  for 

\^H  sites  (see  p.  3,  6,  7). 

The  growth  rate  of  white-cedar  could  undoubtedly  be 
increased  on  organic  soil  sites  in  the  Lake  States  by 
draining  and  fertilizing,  but  specific  practices  are 
presently  lacking.  They  have  not  been  developed  mainly 

because  the  region's  extensive  upland  forests  produce 
sufficient  timber,  and  probably  at  a  higher  economic 

return  than  lowland  forests.  However,  with  the  increas- 

ing interest  in  the  white-cedar  type  and  the  greater 
demands  on  land  use  in  upland  forests,  there  may  be  a 

need  in  the  future  to  develop  effective  and  environ- 
mentally acceptable  ways  to  drain  and  fertilize  organic 

soil  sites. 

The  northern  white-cedar  type  is  common  on  mineral 
soil  in  the  Lake  States  mainly  on  seepage  areas  and 
Umestone  uplands.  Growth  is  usually  faster  than  on 
organic  soil,  being  best  on  mineral  soil  that  is  calcareous 
and  moist  but  well  drained. 

Rotation 

The  best  rotation  for  growing  northern  white-cedar 
varies  greatly  with  site  productivity  and  the  management 

objective.  White-cedar  stands  are  usually  considered 
mature  and  ready  to  harvest  for  timber  when  their  mean 

annual  growth  for  the  main  product  peaks.  The  rotations 
at  which  this  occurs  for  two  common  units  of  measure- 

ment are  as  follows:^ 

Site  index 

40  (excellent) 

30  (medium) 
20  (poor) 

Merchantable 

cubic  feet  Board  feet 

  (Years)   
70  to  90 
80  to  100 

100  to  140 

110  to  140 
130  to  160 

130  to  160 

These  rotations  have  a  range  because  the  mean  annual 

growth  has  practically  the  same  maximum  for  a  number 
of    years.    Therefore,    the    manager    has    considerable 

;|[\1' lt>«e  chain  -66  feet. 
^See  Appendix  for  tree  dimensions  included,  site 

index  curves,  and  timber  yield. 



flexibility  in  selecting  a  suitable  rotation,  at  least  for 
timber  growth.  Specific  rotations  are  not  given  for  posts 
or  poles  because  a  stand  can  yield  various  numbers  and 
sizes  of  these  piece  products.  However,  if  the  main 
objective  is  to  grow  poles  of  a  certain  length,  table  2  in 
the  Appendix  shows  the  number  of  years  required  on 
different  sites. 

White-cedar  stands  provide  an  optimum  quantity  and 
quality  of  browse  or  shelter  for  deer  at  different  ages, 

depending  on  the  site,  as  follows:"* 

Site 
index 

40 

30 

20 

Approxunate  Age  For  Optimum: 
Browse  Shelter 

  (Years)   
25  to  30 
30  to  40 
50  to  70 

>  60 
>  100 

In  comparing  the  timber  rotations  with  those  for  deer 
shelter  (at  the  same  site  indexes),  it  is  obvious  that  little 
or  no  optimum  shelter  will  be  provided  if  the  stands  are 

managed  to  maximize  merchantable  cubic  feet.  How- 
ever, if  the  rotations  are  extended  to  maximize  board 

feet,  many  years  of  optimum  shelter  will  be  provided 
except  on  poor  sites.  Therefore,  in  areas  where  the 

white-cedar  type  is  important  for  deer  shelter,  rotations 
should  generally  be  at  least  the  minimum  ones  shown  for 
board  feet.  (See  page  10  for  more  information  on 
managing  deeryards.) 

Determining  a  suitable  rotation  for  mixed  stands  is 
complicated  further  because  several  of  the  main  tree 

species  associated  with  northern  white-cedar  require 
shorter  rotations.  Balsam  fir,  aspen  (quaking  and  big- 
tooth),  balsam  poplar  (balm-of-Gilead),  and  paper  birch 
should  generally  be  harvested  at  about  50  years  on 
medium  sites,  whereas  red  maple  and  black  ash  require 
at  least  100  years  to  produce  saw  logs.  Whether  or  not 

harvesting  is  done  at  these  rotations  wUl  depend  on  the 

yield  and  value  of  these  species.  Additional  recommend- 
ations for  handling  mixed  stands  are  discussed  under 

"Intermediate  Treatment". 

Of  course,  factors  other  than  maximum  mean  annual 

growth  and  deer  shelter  should  be  considered  in  selecting 

'* Adapted  from  Verme  1965  and  Gevorkiantz  and 
Duerr,  1939,  "Volume  and  yield  of  northern  white  cedar 

in  the  Lake  States, "  unpublished  report  on  file  at  North 
Central  Forest  Experiment  Station,  St.  Paul,  Minnesota. 

^  White-cedar  does  not  grow  tall  enough  on  poor  sites 
to  provide  optimum  shelter. 

a  suitable  rotation.  The  presence  of,  or  risk  invoh 

with,  some  of  the  damaging  agents  of  white-cedar  a 
associated  trees  may  determine  the  rotation.  \\ 
example,  mature  trees  are  relatively  tall  and  thus 
more  susceptible  to  uprooting  or  breakage  by  wi: 
They  also  sometimes  have  butt  rot,  which  can  seriou 
reduce  merchantable  volume  and  lead  to  wind  break: 
as  the  stand  becomes  older. 

Intermediate  Treatment 

Little  research  or  experience  is  available  on  manag 
immature  stands  of  northern  white-cedar.  Because  i 

long  lived  and  tolerant  to  very  tolerant  of  shaa 

white-cedar  should  eventually  become  dominant  if  th 
is  adequate  stocking  tall  enough  to  survive  deer  brows 
(about  1 5  feet).  However,  intermediate  treatment  offf 

an  excellent  opportunity  to  improve  stand  compositt 
and  speed  up  development  of  both  high  quality  timn 
and  deer  habitat.  Unfortunately,  intermediate  treatmn 
often  produces  Uttle  or  no  immediate  return  and  s« 

can  probably  be  justified  only  on  the  best  areas 
timber  management,  or  in  key  deeryards  for  whli 

special  funds  are  provided. 

Despite  its  shade  tolerance,  white-cedar  reproducti 
grows  best  in  half  to  full  sunlight.  Thus  its  growth  (i, 
proportion)  in   immature   stands  can  be  increased 

controlling  the  usual  overtopping  shrubs  and  trees. ' 
degree  to  which  competing  vegetation  should  be  (; 
trolled  depends  on  the  management  objectives.  UnJ 

white-cedar  timber  is  the  only  objective,  a  mixed  st 

of  50  to  80  percent  white-cedar  is  probably  best  Ij- 
multiple-use    purposes.    Pure   white-cedar  (at   least    f 

percent)  is  often  neither  practicable  nor  desirable.  ̂ ^■ 

example,  a  mixture  with  valuable  pulpwood  species  s  i  ' 
as  black  spruce   sometimes  makes  management  n^^ 
attractive  economically.  | 

The  best  intermediate  treatment  depends  on  I 

composition  and  merchantability  of  the  compe  i 
vegetation.  Aerial  herbicide  spraying  is  probably  I 
most  practical  way  to  kill  back  overtopping  shrub 

hardwoods  in  young  stands.  However,  little  is  km ' 
about  the  sensitivity  of  northern  white-cedar  to  ;  i 
spraying  and  so  spraying  should  be  tested  before  b  i 

used  on  a  large  scale.  A  low  volatile  ester  of  2,4-C ' 
effective  on  speckled  alder,  black  ash,  aspen,  p  [ 

birch,  and  willow;  whereas  a  50-percent  mixture  ' 
2,4, 5-T  is  recommended  if  red  maple  and  balsam  po« 

''See  Pesticide  Precautionary  Statement,  p.  1 7. 



e  the  main  species  to  control.  Use  a  total  rate  of  3 

)unds  acid  equivalent  in  at  least  4  gallons  of  water  per 
re.  Spray  in  early  August,  or  when  white-cedar  has 
impleted  its  new  growth  and  yet  shrubs  and  hardwoods 
e  still  susceptible. 

wii 

oil  Herbicide  spraying  should  be  done  carefully,  following 

ale    pertinent  precautions  and  regulations.  It  is  particu- 
ly  important  not  to  contaminate  open  water  with 
rbicide,  so  do  not  spray  vegetation  around  the  borders 
ponds,  lakes,  and  watercourses.  These  guidelines  will 
nimize  the  risk  of  adverse  environmental  effects  on 

ganic  soil  sites. 

n  older  stands  where  northern  white-cedar  or  its  main 

lociated  trees  are  merchantable,  it  may  be  possible  to 
11  commercially  or  at  httle  cost.  Thinning  can  improve 
th  timber  quality  and  deer  use.  If  the  slash  is  left  so 

It  it  is  available  and  not  an  obstacle,  white-cedar  and 

jjjl  rdwoods  cut  in  winter  provide  browse;  deer  also  have 
^  ice  to  move  about  more  easily  than  in  excessively 
„j  ise,   unthinned  stands.   For  optimum  deer  shelter, 
dj  ;iduous  trees  (hardwoods  and  tamarack)  should  be  cut 

otherwise    killed    to   obtain    a   closed    canopy    of 

^  irgreens  (mainly  white-cedar  and  black  spruce).  Bal- 
a  fir  should  be  harvested  no  later  than  70  years  of  age 
;ause  butt  rot  makes  this  species  especially  susceptible 
wind  breakage  after  that. 

)Wi 

lie he  best  available  information  indicates  that  middle- 
d  stands  managed  for  timber  can  be  initially  thinned 
a  residual  basal  area  of  130  square  feet  per  acre  and 
in  rethinned  every  10  years  to  at  least  as  low  as  90 

u  lare  feet  without  affecting  growth  or  mortahty.  The 
Iter  first  thinning  is  needed  to  maintain  maximum 

iwth.  Good  diameter  growth  of  white-cedar  can 
jarently  be  maintained  through  repeated  thinnings 
t  favor  dominant  and  codominant  trees.  Research 

dings  also  indicate  that  advance  tree  reproduction  and 
slubs  grow  little  unless  the  stand  is  rethinned  to  less 

tlin  150  square  feet  per  acre  (fig.  1). 

'herefore,  it  is  generally  best  not  to  thin  below  150 
,  snare   feet  of  basal   area  per  acre.  This  provides  an 

^  opportunity  to  improve  the  quality  of  the  final  harvest 
al    to    increase    total    yield    without    producing   an 
u desirable  undergrowth  of  balsam  fir  and  shrubs,  for 

f  imple.  Such  thinning  also  provides  deer  shelter  rang- 
ii    from   fairly    good  immediately   after   thinning  to 

'  e  :ellent  toward  the  end  of  the  thinning  cycle. 

hparatory  Treatment 

^he  primary  purpose  of  preparatory  treatment  is  to 
?  Ciitrol  associated  trees  before  the  final  harvest  so  that 

Figure  1 .  —  Typical  stand  of  northern  white-cedar  and 
some  black  spruce,  with  an  undesirable  undergrowth 

of  balsam  fir,  10  years  after  a  second  thinning  to  130 
square  feet  of  basal  area  per  acre. 

northern  white-cedar  will  remain  predominant  in  the 

next  stand.  Thus  associated  trees  are  "scarce"  only  if 
their  reproduction,  especially  by  vegetative  means,  will 
not  become  predominant.  Although  they  can  be  easily 
overlooked,  it  is  important  to  reahze  that  a  few  mature 
trees  per  acre  of  certain  species  sometimes  produce 
many  seeds,  suckers,  or  sprouts. 

Preparatory  treatment,  like  intermediate  treatment, 
should  usually  be:  (1)  aimed  at  obtaining  a  mixed  stand 

of  50  to  80  percent  white-cedar  and  (2)  limited  to  stands 
where  intensive  management  for  timber,  deer  habitat,  or 
both  can  be  justified.  Since  intermediate  treatment  tends 
to  reduce  the  amount  of  undesirable  associated  trees, 

preparatory  treatment  will  have  the  greatest  value  in 
mixed  stands  that  have  had  no  intermediate  treatment. 

Preparatory  treatment  should  be  done  at  least  5,  and 

preferably  10,  years  before  reproduction  cutting  to 
ensure  control  of  undesirable  trees.  To  minimize  the 

establishment  and  growth  of  suckers,  sprouts,  and 

seedlings  from  these  trees  after  treatment,  it  is  apparent- 
ly important  to  have  a  residual  basal  area  of  about  150 

square  feet  per  acre.  Hardwoods  are  usually  more 

important  to  control  than  conifers  because  they  repro- 
duce readily  both  vegetatively  and  from  seed.  Root 

suckers,  such  as  those  of  balsam  poplar,  and  stump 

sprouts  are  very  competitive  with  white-cedar  reproduc- 
tion. Further,  hardwoods  (and  tamarack)  are  deciduous 

and  thus  provide  no  winter  shelter  for  deer. 

Undesirable  trees  should  be  felled  if  they  are 

merchantable   or  will  provide   deer  browse;  otherwise 



they  can  be  controlled  by  girdling  or  applying  herbicide. 
Of  course,  to  be  effective,  browse  species  must  be  felled 
in  winter  near  deer  concentrations.  Felling  or  girdling  of 
most  or  all  undesirable  trees  in  a  stand  should  substan- 

tially reduce  their  reproduction  by  natural  seeding, 
except  for  aspen  and  balsam  poplar.  Wind  carries  seed  of 
these  species  long  distances,  so  adequate  control  of  their 

natural  seeding  by  felling  or  girdling  is  probably  imprac- 
tical. However,  if  the  canopy  is  not  opened  much,  felling 

or  girdling  can  practically  eliminate  vegetative  reproduc- 
tion of  aspen,  balsam  poplar,  and  paper  birch  because 

they  are  intolerant. 

Use  of  herbicide  is  another  way  to  control  vegetative 
reproduction  of  hardwoods,  especially  the  more  tolerant 

species  such  as  black  ash  and  red  maple.  To  minimize 
suckering  and  sprouting,  herbicide  should  be  applied  to  a 
frill  girdle  around  the  base  of  uncut  trees  immediately 
after  full  leaf  development.  An  effective  herbicide  is  a 

low  volatile  ester  of  2,4, 5-T  at  8  pounds  acid  equivalent 
(ae)  per  100  gallons  of  No.  2  fuel  oil  solution,  or  the 

amine  salt  of  2,4-D  or  2,4, 5-T  at  1  milliliter  of  a 

50-percent  water  solution  per  inch  of  tree  diameter. 
Uncut  trees  can  be  killed  without  girdling  by  basal 

spraying  with  Tordon  155"^  (a  combination  of  picloram 
and  2,4,5-T)  at  10  pounds  ae  per  100  gallons  of  fuel  oil 
solution.  Fresh  hardwood  stumps  can  be  wet  thoroughly 
with  Tordon  101  (a  combination  of  picloram  and  2,4-D) 
at  5  pounds  ae  per  100  gallons  of  water  solution  to 
control  suckering  and  sprouting. 

Controlling  Establishment 

Reproduction  Cutting 

Present  knowledge  indicates  that  clearcutting,  or  fell- 
ing of  all  trees,  is  the  best  way  to  obtain  even-aged 

stands  of  northern  white-cedar  for  timber  and  deeryards. 
However,  unless  suitable  residual  stems  are  expected  (see 
p.  7),  clearcutting  must  be  done  in  narrow  strips  (or 
small  patches)  because  reproduction  depends  on  natural 
seeding,  which  has  an  effective  range  of  only  2  or  3 
chains.  It  may  be  possible  to  reproduce  white-cedar  on 
large  clearcut  patches  by  direct  seeding,  but  this  cannot 
be  recommended  until  current  research  is  completed. 

Alternate  clearcut  strips  have  been  widely  used  in  the 

white-cedar  type  in  the  Lake  States,  but  in  most  cases 
the  uncut  strips  remain  (fig.  2).  These  strips  may  receive 

inadequate  natural  seeding  if  they  are  clearcut.  There- 
fore, until  a  better  system  is  developed,  a  combination 

of  clearcut  and  shelterwood  strips  is  recommended  for 
harvesting  mature  stands  and  reproducing  new  ones. 

"^Mention  of  trade  names  does  not  constitute  endorse- 
ment of  the  products  by  the  USDA  Forest  Service. 

Figure  2.  -  Typical  large  patch  with  alternate  clearH 
strips  in  the  northern  white-cedar  type.  Uncut  s. 
must  be  removed  in  10  years  or  less  to  minirm 
overbrowsing  of  reproduction  by  deer  on  the 
strips. 

This  combination  can  be  applied  either  as  alternatee 

progressive  strips.  If  alternate  strips  are  used,  one 
should  be  clearcut  and  the  other  set  cut  in  two  staa 

(shelterwood).  If  progressive  strips  are  used,  sets  of  thh 

are  suggested  —  the  first  two  being  clearcut  and  the  th 
one  cut  in  two  stages.  The  first  stage  or  seed  cutting 
the  shelterwood  should  leave  a  basal  area  of  60  squ  i 

feet  per  acre   in  uniformly  spaced  dominant  and   ; 
dominant  trees  of  the  most  desirable  species.  These  tr 

should  be  selected  for  good  seed  production,  windfi.i 
ness,  and  timber  quality. 

Strip    orientation    has    had    little    study,    so    stnr) 
recommendations    cannot    be    made.    Strips    that 

perpendicular   to,  and  progress  toward,  the  prevail 

wind   direction    should    maximize    seed   dispersal   ;  i* 
minimize  wind  damage.  Some  information  suggests  1 1 

a  northerly  exposure  is  the  most  favorable  for  reprod  i 

ing  white-cedar  and  associated  conifers.  East-west  str : 
with   subsequent    ones   progressing   southward,  wo  i 
maximize  this  exposure.  However,  since  the  prevail  i 
wind  direction  in  the  Lake  States  is  generally  from  I 

western  quadrant  (NW-SW),  the  manager  will  often  h 
to  compromise  in  deciding  which  way  to  orient  str: 
The  shape  and  orientation  of  a  stand,  especially  if  sm  .1 
are  other  important  factors  to  consider  in  laying   j 

strips.  ' 

Rehable  information  is  also  lacking  to  make  stn  t! 
recommendations  on  strip  width.  Clearcut  strips  sho  • 

generally  vary  from  1  chain  wide  where  seed-bear  f 

J 



rees  are  short  (less  than  35  feet)  to  2  chains  wide  where 
hese  trees  are  tall  (more  than  60  feet).  Strips  can 
irobably  be  1  chain  wider  and  receive  adequate  seed  if 

hey  have  a  mature  stand  of  white-cedar  on  both  sides, 
ince  clearcutting  is  preferred  to  shelterwood  for  repro- 
ucing  white-cedar,  shelterwood  strips  should  be  only  1 
r  2  chains  wide  to  minimize  the  area  they  occupy. 

The  usual  reproduction  period  between  removing 

Ijacent  clearcut  strips,  and  between  seed  cutting  and 
nal  cutting  in  shelterwood  strips,  has  been  about  10 
ars.  However,  this  period  should  be  shortened  or 

ngthened  as  needed,  depending  on  results  from  repro- 
uction  surveys  (see  p.  8).  A  new  even-aged  stand  can 
obtained  in  less  than  10  years  or  up  to  20  years  using 

ternate  or  progressive  strips,  respectively.  If  timber 
m  Dnsiderations  or  the  risk  of  overbrowsing  call  for 

il  arvesting  or  reproducing  a  stand  as  rapidly  as  possible, 
0  seed  cutting  in  the  shelterwood  strips  and  remove  the 
ternate  or  the  second  set  of  clearcut  strips  at  the  same 
me.  Residual  shelterwood  trees  should  adequately  seed 
lese  clearcut  strips,  thus  substantially  shortening  the 
verall  reproduction  period. 

m 

Ways   to    make    new   harvest   areas  look  better  are 

iscussed  under  "Esthetics"  (p.  11). 

If 

, 

Sfl 

esidual  Stems 

These  are  trees  of  any  size  down  to  6  inches  tall  that 

e  expected  to  or  do  survive  clearcutting.  They  may  be 

S5'  F  any  species  or  age,  and  of  seedling  or  vegetative 

igin.  Residual  stems  are  "scarce"  if  they  or  their 
production,  especially  by  vegetative  means,  will  not 
;come  dense  enough  to  severely  suppress  reproduction 
northern  white-cedar  or  its  valuable  associate,  black 

iruce.  As  mentioned  under  "Preparatory  Treatment" 
evi  I.  5),  it  is  important  to  consider  the  reproductive 
5j1   )tential  of  associated  trees,  particularly  hardwoods. 

,1 

ipfi Residual  stems  should  be  relied  on  to  reproduce  a 

md  only  if  relatively  young  and  healthy  white-cedar 
ms  are  or  will  be  predominant  (at  least  50  percent  of 
isal  area).  Such  stems  are  arbitrarily  defined  as  being 
!S  than  50  years  old  and  having  well-developed  crowns. 
contrast,  many  of  the  white-cedar  stems  remaining 

ter  clearcutting  are  50  or  more  years  old  or  have 
orly  developed  crowns  (for  example,  from  browsing), 
d  stems  also  tend  to  be  of  layer  origin,  which  often 
suits  in  poor  form.  Some  old  or  unhealthy  trees  may 

■low  satisfactorily  after  clearcutting  and  yield  much 
er  browse,  but  young  seedlings  are  preferred  for 
oducing  timber  and  deer  shelter.  Therefore,  residual 

stems  should  be  saved  to  reproduce  a  stand  only  if:  (1) 

60  percent  or  more  of  the  milacres^  in  the  clearcut  area 
will  contain  at  least  one  young  and  healthy  white-cedar 
after  harvesting  and  (2)  the  cost  of  saving  such  stems 

does  not  exceed  the  cost  of  obtaining  new  white-cedar 
reproduction  of  equal  density  and  size.  Obviously,  the 
stand  must  be  harvested  carefully  and  slash  removed 
where  it  covers  needed  stems. 

Residual  stems  of  associated  trees  should  be  controlled 

enough  that  they  or  their  reproduction  will  not  severely 
suppress  suitable  residual  stems  (or  new  seedlings)  of 

white-cedar.  Undesirable  trees  should  usually  be  felled  if 
they  will  provide  deer  browse,  otherwise  they  can  be 
girdled.  However,  hardwoods  should  be  treated  with 
herbicide  where  experience  indicates  they  will  be  a 
problem.  Aerial  spraying  is  recommended  where  residual 
hardwoods,  especially  of  seedling  or  sapling  size,  are 
abundant  (see  p.  4);  otherwise  trees  and  stumps  should 
be  treated  individually  (see  p.  6).  Broadcast  burning  of 
slash  is  an  efficient  way  to  kill  residual  conifers, 

especially  where  many  are  of  seedling  or  sapling  size  (see 

p.  1 5).  Burning  will  kill  back  hardwoods,  but  herbicide  is 
more  effective  on  those  that  reproduce  mainly  from 
suckers  or  sprouts. 

Slash  Cover 

This  is  "heavy"  when  slash  hinders  satisfactory  repro- 
duction by  burying  suitable  residual  stems  or  seedbeds 

(fig.  3,  left).  A  heavy  cover  of  slash  is  definitely 
detrimental,  but  a  light  cover  is  more  favorable  than 
practically  none.  Therefore,  slash  disposal  is  usually  not 
needed  in  poorly  stocked  stands  when  the  slash  is  spread 
evenly.  Slash  cover  is  also  heavy  when  it  creates  an 

important  fire  hazard.  However,  the  risk  of  fire  is  low  on 
most  white-cedar  areas  because  they  do  not  dry  up  much 
and  there  is  little  contact  with  human  activities. 

Broadcast  burning  is  the  preferred  method  of  slash 

disposal  except,  of  course,  where  shelterwood  trees  are 
present  or  residual  stems  are  to  be  saved.  Burning 
eliminates  most  slash,  completely  kills  residual  conifers, 
kills  back  hardwoods  and  brush,  and  probably  improves 

seedbed  conditions  (fig.  3,  center).  However,  because 
white-cedar  has  a  short  seeding  range  and  space  is  needed 
for  a  slash-free  alley  around  the  perimeter  of  the  strip, 
broadcast  burning  should  be  limited  to  strips  3  chains 
wide.  (See  Appendix,  p.  15  for  burning  techniques.) 

Full-tree  skidding  in  winter  is  recommended  for  slash 

disposal    on    strips   less   than    3    chains   wide.    Stands 

^A  milacre  is  1/1,000  acre,  usually  6.6  feet  square. 



Figure  3.  —  Typical  clearciit  areas  where  slash  of  northern  white-cedar  (browsed)  and  associated  conifers 

was:  not  disposed  of,  leaving  a  "heavy  "  cover  (left);  broadcast  burned  (center);  and  removed  by  full-tree 
skidding  (right). 

harvested  by  full-tree  skidding,  with  branches  and  tops 
intact,  apparently  leave  only  a  light  cover  of  slash  when 
felling  and  skidding  are  done  with  reasonable  care  (fig.  3, 
right).  All  trees  should  be  felled  as  the  harvesting 
progresses,  leaving  stumps  as  low  as  possible  to  minimize 
obstacles  that  would  break  off  branches  and  tops  during 
skidding.  Also,  the  trees  should  be  felled  into  the  open 
rather  than  into  the  stand  where  more  breakage  would 

occur.  If  deer  are  in  the  vicinity,  skidding  of  white-cedar 
and  other  browse  species  should  be  delayed  a  few  days 
until  the  browse  is  eaten. 

The  overall  cost  of  slash  disposal  should  be  less  by 

full-tree  skidding  than  by  broadcast  burning  if  most  trees 
are  merchantable.  This  is  because  skidding  of  full, 
merchantable  trees  by  skilled  loggers  should  require  little 
or  no  extra  compensation,  whejpas  burning  in  strips  only 
3  chains  wide  usually  has  a  relatively  high  cost  per  acre. 

Natural  Seeding 

Northern  white-cedar  is  a  dependable  seed  producer.  It 
bears  good  seed  crops  every  3  to  5  years,  with  light  to 
medium  crops  in  the  intervening  years.  Adequate  seed 
production  starts  at  about  30  years  but  is  best  after  75 
years  on  most  sites.  Seed  dispersal  usually  starts  in 

September  and  is  fairly  complete  by  November.  Practi- 
cally all  of  the  seed  is  dispersed  by  wind.  Since 

white-cedar    is    usually    only   40   to   50   feet   tall,   the 

effective  seeding  range  is  estimated  to  be  from  2  too 
chains. 

ipi 
il 

Natural  seeding  of  northern  white-cedar,  especially 
burned  organic  soil,  can  result  in  new  stands  that  are  tt 
dense  for  optimum  timber  growth  or  deeryards. 
minimize  this  problem,  the  manager  should  survey  tl 
reproduction  about  4  years  after  site  preparation  and! 

milacre  stocking  of  white-cedar  is  60  percent  or  mo; 
the  next  set  of  uncut  strips  should  be  removed 
eliminate  further  seeding  on  the  cut  strips.  Of  courj 

severe  browsing  and  suppression  of  white-cedar  repr  "■ 
duction  must  be  prevented  or  white-cedar  will  ml 
become  established  successfully. 

Many    of   the   common   tree   associates  of  northeii' 
white-cedar  reproduce  on  clearcut  areas,  especially  c  i 

slash-burned   seedbeds,   and  some   reproduce   under  ij 
shelterwood.  Black  spruce  and  tamarack  reproduce  wel)l 

after  broadcast  burning  on  organic  soil  sites  if  seed-beai 
ing  trees  are  within  3  or  4  chains.  Although  they  may  l  :| 
outnumbered  by  white-cedar,  spruce  and  tamarack  gro  'i 
faster  and  so  wUl  probably  be  important  components  i 
the   new  stand.   To   control   natural   seeding  of  blac 

spruce    and    particularly    tamarack,    most   seed-bearir  ii 
trees  should  be   harvested  or  otherwise  killed  durin, 

preparatory  treatment  (see  p.  5).  Seeding  from  sprue 
and  tamarack  could  also  be  avoided  by  clearcutting  larg 

patches  whose  interiors  are  beyond  the  seeding  range  c 



ese  trees.  However,  this  method  of  controlling  compo- 
ion  cannot  be  recommended  until  studies  under  way 
finitely  show  that  such  areas  can  be  successfully 

produced  to  white-cedar  by  direct  seeding. 

Quaking  aspen  and  paper  birch  not  only  reproduce 

;11  on  slash-burned  seedbeds  on  organic  soil  sites,  but 
;o   fairly   well  on  unburned  seedbeds  such  as  those 

suiting  from  full-tree  skidding.  These  trees  have  much 
ater  seeding  ranges  than  black  spruce  and  tamarack, 
it  is  probably  impractical  to  substantially  reduce  their 
tural  seeding.  Fortunately,  aspen  and  birch  are  not 

ected    to    severely    suppress   northern    white-cedar 
:ept  on  the  best  sites.  Here  herbicide  spraying  may  be 

irable  to  release  white-cedar  as  prescribed  and  dis- 

sed  under  "Intermediate  Treatment"  (p.  4). 

Controlling  Damaging  Agents 

nd 

reakage  and  uprooting  of  trees  by  wind  can  be 
)ortant  causes  of  mortality  in  older  stands  of  the 

thern  white-cedar  type,  but  the  loss  has  sometimes 
n  overrated.  The  risk  of  wind  damage  is  greatest  in 
nanaged  mature  stands  of  mixed  composition.  For 

mple,  balsam  fir  and  black  spruce  are  more  suscep- 
e  to  breakage  or  uprooting  than  white-cedar  because 
y  are  usually  taller  and  balsam  fir  commonly  has  butt 
especially  on  the  drier  sites.  Both  breakage  and 

Doling  occur  mainly  along  stand  edges  exposed  to  the 
vailing  wind  and  in  stands  opened  up  by  partial 
ting.  By  using  the  rotations  and  cutting  methods 

jmmended  in  this  handbook,  wind-caused  mortality 
uld  be  minimal. 

er  and  Hare 

hite-tailed  deer  and  snowshoe  hare  commonly 
se  northern  white-cedar  so  severely  that  a  stand 

icanot  become  established  successfully  after  repro- 
rdiltion  cutting.  However,  as  long  as  white-cedar  stands 
ifla  be  established  or  maintained,  browsing  is  usually 

ccjsidered  beneficial  to  deer  and  hare  —  rather  than 

(fciiaging  to  the  reproduction  —  because  it  provides 
.  mth  nutritious  food. 

he  reproduction  cutting  system  recommended  earlier 

i(p|6)  should  minimize  overbrowsing  of  young  white- 
ice^r  if  large  patches  (40  acres  or  more)  of  mature  forest 

are  completely  cleared  in  10  years  or  less.  This  is 

because:  (1)  deer  and  hare  tend  to  avoid  large  openings, 
due  to  the  lack  of  protective  cover;  (2)  openings  have 
deeper  snow,  which  can  deter  deer  in  many  parts  of  the 
northern  Lake  States;  and  (3)  a  great  amount  of  browse 
is  present  in  large  young  stands.  Further  information  on 

how  to  minimize  overbrowsing  of  white-cedar  is  dis- 

cussed under  "Deeryards"  (p.  10). 

Impeded  Drainage 

Poorly  constructed  or  maintained  roads  have  killed  or 

reduced  the  growth  of  northern  white-cedar  and  associ- 
ated trees  on  thousands  of  acres  of  organic  soil  in  the 

Lake  States  by  impeding  the  normal  movement  of  water. 

Beaver  damming  of  natural  watercourses  or  man-made 
drainage  ditches  has  similar  effects.  Also,  pipelines 

carrying  natural  gas  and  petroleum  will  cause  damage 
unless  cross  drainage  is  provided. 

Road-caused  damage  can  be  minimized  by  construct- 
ing and  maintaining  adequate  collector  and  discharge 

ditches,  and  by  using  large  culverts  that  are  correctly 
positioned  and  maintained.  Removal  of  beaver  dams  and 
judicious  control  of  beaver  can  avert  damage  to  valuable 
timber,  deeryards,  and  the  unsightliness  of  dying  trees. 

Pipelines  should  have  cross  ditches  about  every  150  feet 
or  less.  These  ditches  can  be  through  the  backfill  for 

pipe  buried  below  ground  or  beneath  pipe  placed  on  the 
surface. 

Other  Agents 

Wildfire  easily  kills  northern  white-cedar  trees  but 
good  fire  protection  now  results  in  little  loss.  During 

very  dry  periods  fires  can  burn  deeply  in  organic  soil  and 
become  extremely  difficult  to  put  out.  Biological  agents 

other  than  deer  and  hare  also  cause  damage  to  white- 
cedar.  Unfortunately,  their  damage  is  often  not  recog- 

nized until  the  trees  are  cut,  or  if  the  damage  is 

recognized,  little  is  known  about  controlling  it.  Carpen- 
ter ants,  both  black  and  red,  are  the  main  insect  enemies 

of  white-cedar.  They  frequently  attack  partially  decayed 

heartwood  in  Uving  trees.  Butt-rot  fungi  that  cause  a 
white  stringy  rot  or  a  brown  cubical  rot  are  common  in 
mature  trees  on  the  drier  lowland  sites.  Woodpecker 
holes  are  the  most  common  indicator  that  butt  rot  is 

present.  Porcupines  sometimes  cause  damage  by  girdling 
the  stem,  and  red  squirrels  frequently  eat  flower  buds 

and  clip  cone-bearing  branches. 



OTHER  RESOURCE  CONSIDERATIONS 

Deeryards 

Deeryard  management  in  the  northern  white-cedar 
type  is  affected  by  the  interaction  of  several  factors  such 

as  yard  size  and  condition,  deer  density,  winter  severity, 

and  availability  of  browse  in  and  around  the  yard.  These 

factors  vary  substantially  in  different  parts  of  the  Lake 

States  and  are  often  difficult  or  impossible  to  control. 

Further,  considerable  icnowledge  on  managing  deeryards 

in  the  white-cedar  type  is  based  on  experience  rather 
than  research,  because  the  latter  has  been  done  mainly  in 

areas  with  large  yards  and  deep  snow  in  upper  Michigan. 

So,  for  these  reasons,  the  present  recommendations  tend 

to  be  general  and  often  cannot  be  applied  directly  to  the 

various  yarding  situations  found  in  the  white-cedar  type. 
This  means  that  to  obtain  desired  results  the  manager 

must  use  good  judgment  and  modify  the  recommend- 
ations to  fit  local  conditions. 

Whenever  possible,  deeryard  management  should  be 

concentrated  on  areas  that  have:  (1)  special  importance 

as  traditional  or  potential  yards,  (2)  deer  densities  that 

do  not  exceed  the  carrying  capacity,  (3)  a  site  index  of 

30  (medium)  or  higher  for  northern  white-cedar,  and  (4) 
enough  timber  for  commercial  cutting. 

In  large  deeryards  (200  acres  or  more),  the  long-range 
objective  should  be  to  organize  compartments  that 

contain  five  age  classes  each,  with  15  to  20  years 

between  classes,  in  patches  of  40  to  160  acres.  The  size 

and  distribution  of  these  patches  should  be  planned 

carefully  so  that  adequate  deer  shelter  and  browse  will 

always  be  available  on  separate  patches  within  each 

compartment  (fig.  4).  Cutting  of  any  kind  should  be 

done  in  as  many  compartments  as  possible  to  distribute 

the  deer  herd  more  and  to  rehabilitate  vital  yards  faster. 

Of  course,  northern  white-cedar  and  hardwoods  should 

be  cut  only  during  winter  to  provide  deer  with  browse. 

Annual  cutting  is  necessary  to  adequately  feed  deer 

where  deep  snow  normally  keeps  them  yarded  most  of 

the  winter.  Such  cutting  is  also  desirable  where  deer  can 

move  about  more  because  it  tends  to  attract  them  away 

from  patches  of  young  white-cedar,  which  is  vulnerable 
to  overbrowsing. 

The  main  objective  in  small,  isolated  yards  (less  than 
200  acres)  should  be  to  obtain  and  maintain  a  closed 

evergreen  canopy  for  optimum  deer  shelter.  Specific 

practices  for  achieving  this  objective  are  prescribed  and 

discussed    under    "Intermediate    Treatment"    (p.    4). 
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Figure  4.  -  This  deer  is  browsing  northern  white-ceaK 
slash  near  the  edge  of  a  clearcut  patch.  The  dema 

stand  in  the  background  provides  excellent  shelter. 

to 
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Browse  is  usually  scarce  in  small  yards,  so  removal 
hardwoods  or  northern  white-cedar  should  be  done  out 
by    cutting   during   severe    winters.    This  means  mn||ike 
browse  will  have  to  come  from  young  stands  and  winti 
cutting  of  other  forest  types  in  the  surrounding  area 

In  areas  where  small  yards  are  vital  for  deer  shelter,  ti 
rotation  can  be  extended  well  beyond  the  longest  oill 

shown  on  page  3  because  northern  white-cedar  is  Ic 
lived.  Eventually,  however,  these  yards  will  need  to 
rehabilitated.    Since    they    are   probably   too   small  i 

handle  the  series  of  age  classes  recommended  for  laiij 
yards,  the  whole  yard  should  be  reproduced  as  a  sin 

even-aged  stand  by  strip  cutting  (see  p.  6).  The  tim 
when  a  small  yard  is  cut  should  be  planned  carefully >!] 

that,  if  possible,  adequate  deer  shelter  will  be  availaiJj 
elsewhere  in  the  vicinity. 

Other  Wildlife  Habitat 

The  white-cedar  type  is  utilized  to  some  extent 

many  wildlife  species  besides  white-tailed  deer,  a  few^i 
which  are  mentioned  elsewhere  in  this  handbook.  N^ 

openings  and  young  stands  certainly  produce  differed 
or  more  abundant  wildlife  food  than  mature  whii 

cedar  stands.  For  example,  young  stands  should  suppiif 

substantial  populations  of  snowshoe  hare  and  thli 

accompanying  predators  as  soon  as  the  tree  crowns  be|') 
to  close.  Therefore,  shrubs  and  hardwoods  should  not 

killed  back  with  herbicide  spraying  unless  the  growth" 

proportion  of  white-cedar  reproduction  definitely  nee  I 



o  be  increased  (see  p.  4).  And  even  then,  all  stems 
hould  not  be  killed  because  a  mixture  of  shrubs  and 

ardwoods  with  white-cedar  and  other  conifers  probably 
nhances  wildlife  habitat  in  general. 

Some  trout  streams  have  their  source  in  areas  occupied 

y  the  northern  white-cedar  type  or  they  pass  through 
ch  areas.  So,  to  keep  the  water  cool,  areas  cleared  for 
ew  stands  should  probably:  (1)  have  an  uncut  border 
?tween  them  and  the  streams,  (2)  not  exceed  40  acres 

f.  fich,  and  (3)  total  only  a  small  proportion  of  the 
u  rounding  watershed. 

Water 

Current  research  findings  indicate  that  clearcutting 
wland  conifers  in  strips  or  large  patches,  or  broadcast 
irning  the  slash  changes  the  quantity  of  water  little, 
owever,  if  a  stream  flows  from  or  through  a  clearcut 
ea,  the  water  will  have  a  higher  concentration  of 
rtain  nutrients  for  a  few  years  with  or  without 

Hillirning.  Whether  or  not  this  increase  in  nutrients  will 
ie(  ive  an  important  effect  downstream,  especially  in 
i  1  Ices,  is  still  unknown. 

« 

Esthetics 

The  manager  can  minimize  the  impact  of  harvesting  on 

e  esthetic  appeal  (fig.  5)  of  the  northern  white-cedar 

"  pe  by:  (1)  having  harvest  boundaries  follow  natural 
'"  e  or  forest  type  lines  and  (2)  removing  heavy  slash 
"  ver  and  otherwise  leaving  harvest  areas  neat.  Slash  can 

'"'  removed  by  full-tree  skidding  and  burned  at  the 
^^  iding,  or  broadcast  burned  in  the  case  of  wide  clearcut 'tis 

eH 
id 

Figure  5.  —  The  unusual  hark  and  foliage  patterns  of 
northern  white-cedar  are  esthetically  appealing  to 
many  forest  users,  including  hikers,  snowshoers,  and 
ski  tourers. 

strips  (see  p.  7).  Of  course,  as  mentioned  earlier, 
skidding  of  browse  species  should  be  delayed  a  few  days 
if  deer  are  in  the  vicinity. 
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APPENDIX 

Yield 

Usable  information  on  yield  of  northern  white-cedar  is 
limited  and  that  on  growth  is  practically  nonexistent. 
Yield  in  a  few  common  units  or  products  can  be 

determined  for  any  fully  stocked  (normal),  even-aged 
stand  given  its  site  index  and  age  (tables  1  and  2).  Site 
index   is   obtained   from   the   average   age   (total)  and 

average  height  (total)  of  dominant  and  codominant  tree 

(fig.  6). 

Volumetric  yield  can  be  estimated  for  a  stand  with  les^ 
than  full  stocking  because  volume  is  proportional  toi 
basal  area.  Therefore,  volumes  in  table  1  should 

reduced  by  the  percentage  that  the  stand's  basal  area 
less  than  the  basal  area  in  table  1. 

80  100 
AGE  (YEARS) 

Figure  6.  —  Site  index  curves  fornor  them  white-cedar  stands.  Adapted  from  Gevorkiantz 

and  Duerr,  1939,  "Volume  and  yield  of  northern  white  cedar  in  the  Lake  States", 
unpublished  report  on  file  at  North  Central  Forest  Experiment  Station,  St.  Paul,  Minn. 
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Table  1.  —  Yield  per  acre  of  fully  stocked,  even-aged  stands  of  northern  white-cedar  by  site  index  and  age^ 

SITE   INDEX  40 

Age 

: Height  of: 
: dominants: 

:  and  co-  : 
: dominants: 

Trees  0. 1  inch  d b . h .  and larger 
Merchantable volume Average 

d.b.h. ]  Number 

:  Basal 
:  area 

Total 

volume 
Years Feet Inches 

Square 

feet 

Cubic 

feet^ 

Cubic 

feet^ 

Cords  - 

Board 

feet^ 

60 47 6.2 850 180 
3,490 2,460 

31 
2,840 80 56 8.7 470 195 

4,200 3,540 

45 

9,540 100 64 10.7 320 200 
4,700 4,180 

53 15,600 
120 69 12.4 250 205 

5,040 4,560 
58 19,900 

140 72 13.6 210 210 
5,270 4,800 

61 22,790 
160 75 14.5 180 215 

5,420 4,950 

63 

24.410 
SITE  INDEX 

30 60 35 4.5 
1,550 

170 
2,600 1,440 

18 230 
80 41 6.2 860 180 

3,240 2,480 
31 2,460 100 46 7.7 580 190 

3,670 3,100 

39 

6,000 120 50 8.9 450 195 
3,960 3,480 

44 

9,220 140 53 9.8 380 200 
4,160 3,720 

47 11,570 
160 55 10.4 340 200 

4,280 3,860 
49 13,000 

SITE  INDEX 
20 

60 22 3.0 3,120 
155 

1,690 

280 
4 — 

80 26 4.2 1,740 
170 

2,180 1,120 
14 120 

100 29 5.2 1,180 
175 

2,500 1,700 
22 

740 120 32 6.0 930 180 
2,720 2,050 

26 

1,680 140 34 6.5 790 185 
2,860 2,280 

29 

2,590 160 35 6.9 720 
185 

2,960 2,410 
30 3.220 

^Values  (except  cords)  adapted  from  Gevorkiantz  and  Duerr  (1939) 

"Volume  and  yield  of  northern  white-cedar  in  the  Lake  States",  unpublished 
report  on  file  at  the  North  Central  Forest  Experiment  Station,  St.  Paul, 
Minn.  Values  in  the  original  report  were  for  site  indexes  41,  31,  and  19; 
40,  30,  and  20  are  shown  here  for  convenience  because  the  respective  values 
are  practically  the  same. 

Gross  peeled  volume  of  entire  stem. 

'cross  peeled  volume  between  stump  (height  equal  to  d.b.h.,  in  inches) 
and  fixed  top  d.i.b.  of  4  inches  for  trees  5.0  Inches  d.b.h.  and  larger. 

''Cross  rough  volume  obtained  by  dividing  merchantable  eubic'-foot  volume 
by  79,  the  assumed  number  of  cubic  feet  of  wood  (inside  bark)  per  cord. 

Volume  (Scrlbner)  between  stump  (height  equal  to  d.b.h.,  in  inches) 
and  fixed  top  d.i.b.  of  6  inches  for  trees  9.0  inches  d.b.h.  and  larger. 
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Table  2.  -  Poles  and  additional  7- foot  posts  in  trees  4.0  inches  d.b.h.  and  larger  for  fully 

stocked,  even-aged  stands  of  northern  white-cedar  by  site  index  and  age^ 

SITE INDEX 40 

Age   • 

(years) * 

Number  of poles  p er  acre,  by 
length 

(feet 
) 

Number 

of  posts 

per  acre 
All  : 16 :  20 :   25   : 

30  : 
35 :  40  : 45   : 

50 
60 530 270 

40 150 70 
^^ .^^ ^_ 

»•• 

280 

80 415 80 30 120 170 
15 

— — — 335 
100 310 10 20 65 160 

40 

15 
— — 380 

120 250 — 10 
30 50 

65 55 40 — 
310 140 210 — 5 

15 
30 

50 50 

55 5 
290 

160 180 — — 10 
20 

35 
45 

60 10 
265 

SITE INDEX 
30 60 105 — 95 10 — — — — — 

1,205 80 530 270 170 80 10 — — — — 155 

100 465 145 115 165 35 5 — — — 
285 

120 405 85 
10 

235 60 
15 

— — — 250 

140 360 55 
— 200 

70 
30 5 — — 250 

160 325 40 — 165 75 
35 10 — — 200 

SITE INDEX 
20 

60 5 5 — — — — — — — 650 
80 75 75 — — — — — — — 885 

100 180 70 80 
30 

— — — — — 735 
120 245 5 180 60 — — — — — 

630 140 275 — 190 85 — — — — — 525 
160 280 — 190 90 — — — — — 

530 
Values  adapteci  from  Gevorkiantz  and  Duerr,  1939,  "Volume  and 

yield  of  northern  white  cedar  in  the  Lake  States",  unpublished  report 
on  file  at  the  North  Central  Forest  Experiment  Station,  St.  Paul, 
Minnesota.  Values  in  the  original  report  were  for  site  indexes  41, 
31,  and  19;  40,  30,  and  20  are  shown  here  for  convenience  because  the 
respective  values  are  practically  the  same. 
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Broadcast  Burning  Techniques 

nitial  research  and  experience  in  upper  Michigan  and 
ated  work  in  northern  Minnesota  indicate  that 

thern  white-cedar  slash,  whether  pure  or  mixed  with 
sh  of  associated  conifers,  can  be  broadcast  burned 

ely  and  effectively  on  organic  soil  sites.  So  burning  on 
;h  sites  should  be  successful  throughout  the  Lake 

tes  after  resource  managers  gain  some  local  experi- 
e. 

burning  is  planned  (see  "Key,"  p.  2,  3),  strips  3 
ins  wide  must  be  located  and  harvested  in  such  a  way 
t  they  can  be  burned  safely  and  efficiently.  The  main 
uirements  for  setting  up  and  conducting  a  successful 
adcast  burn  on  a  clearcut  strip  are: 
Locate  strip  on  undrained  organic  soil  to  avoid 

p  ground  fires  that  are  difficult  and  expensive  to  put 
Unless  burning  is  essential  for  site  preparation,  slash 

uld  be  removed  by  full-tree  skidding  near  drained 
nic  soil,  such  as  along  ditches,  and  near  upland  sites, 
ning  near  drained  organic  soil  should  be  done  only 
r  the  surface  soil  has  been  wet  down  thoroughly.  A 
eral  soil  firebreak  should  be  constructed  near  upland 

Make  edges  of  strip  smooth  and  reasonably  straight 
void  control  problems  resulting  from  sharp  angles. 
Cut  all  unmerchantable  trees  in  the  strip. 
Plan  cutting  and  skidding  so  as  to  distribute  the 
evenly,  thus  ensuring  that  the  fire  will  spread  over 

entire  strip. 

Leave  a  slash- free  alley  about  1/2  chain  wide 
ind  the  perimeter  of  the  strip. 
Burn  slash  the  first  or  second  year  after  harvesting. 

7.  Burn  when  conditions  will  ensure  consumption  of 
most  slash  less  than  1  inch  in  diameter  (see  below). 

8.  Burn  when  the  wind  direction  is  parallel  to  the  strip 
to  avoid  serious  crown  scorch  or  mortality.  If  this 
direction  is  uncommon,  then  use  center  firing  when  the 
wind  speed  is  only  0  to  5  miles  per  hour. 

Burning  on  organic  soil  sites  will  probably  be  most 
successful  in  July  and  August  of  the  first  year  or  in  May 
of  the  second  year.  Research  and  experience  indicate 

that  burning  severe  enough  to  kill  back  residual  hard- 
woods and  shrubs  or  to  improve  moss  seedbeds  requires 

drier  and  hotter  conditions  than  burning  to  just  consume 
slash  or  kill  residual  conifers.  Most  burning  has  been 
done  under  the  following  conditions: 

Time  or  weather 
variable 

Time  since  rain  > 

0.1  inch 
Minimum  relative humidity 

Maximum  air 

temperature 
Maximum  wind 

speed 

Burns  in  general 

3  to  10  days 

30  to  60  percent 

60°  to  90°  F 

5  to  15  mph 

Severe  burns 

>7  days 

<45  percent 

>80°F 

5  to  15  mph 

On  mineral  soil  sites,  broadcast  burning  should  prob- 
ably be  severe  enough  to  expose  mineral  soil  if  natural 

seeding  is  planned.  However,  local  conditions  and 

experience  may  indicate  that  mechanical  ground  pre- 
paration such  as  scarification  is  more  efficient  than 

burning. 
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Metric  Conversion  Factors 

To  convert 
to 

Multiply  by 

Acres Hectares 0.405 

Board  feet' Cubic  meters 0.005 

Board  feet/acre' Cubic  meters/hectare 0.012 
Chains hieters 20.117 

Cords' 
Cubic  meters 2.605 

Cords/sere' Cubic  meters/hecrare 6.437 

Cubic  feet Cubic  meters 0.028 
Cubic  feet/acre Cubic  meters/hectare 0.070 

Degrees  Fahrenheit Degrees  Celsius 
Feet Meters 0.305 

Gallons Liters 3.785 
Gallons/acre Liters/hectare 9.353 
Inches Centimeters 2.540 
Miles Kilometers 1.609 
Miles/hour Meters/second 0.447 

Number /acre Number/hectare 
2.471 

Ounces Grams 28.350 

Ounces/acre Grams/hectare 70.053 
Pounds Kilograms 0.454 
Founds/acre Kilograms /hectare 1.121 

Pounds/gallon Kilograms/liter 0.120 
Square  feet Square  meters 0.093 

Square  feet/acre Square  meters/hectare 0.230 

Tons Metric  tons 0.907 

Tons/acre Metric  tons/hectare 2.242 

The  conver Elon of  board  feet  and  cords to  cubic 
meters  can  only be  a pproxinate;  the  factors are  based 
on  an  assumed  5. 663 board  feet  (log  scale)  p er  cubic 
foot  and  a  cord with 92  cubic  feet  of  solid material. 

To  convert 

"F 

to  °C,  use  the  formula  5/9  (°F-32) 

1.8 

Common  and  Scientific 

Names  of  Plants  and  Animals 

Common  rume Scientific  name 

Plants 

Alder,  speckled     Alnua  rugosa 
Ash,  black   Fraxinus  nigra 
Aspen: 
Bigtooth     Populus  grandidentata 
Quaking     Populus  tremuloides 

Birch,  paper   Betula  papyri f era 
Fir,  balsam     Abies  balsamea 

Fungus,  butt-rot: 
White  stringy     Poria  subaaida 
Brovm  cubical   Main  species  are: 

Polyporus  balsameus 
Polyporus  schweinitzi; 

Maple,  red   Acer  rubrum 
Moss,  sphagnum     Sphagnum   spp. 
Poplar,  balsam     Populus  balsamifera 
Spruce,  black     Piaea  mariana 
Tamarack     Larix  lariaina 

White-cedar,  northern  ....  Thuja  oacidentalis 
Willow     Salix   spp. 

Animals  i1 

Ant,  carpenter:  j 
Black    Camponotus  pennsylvaniaii 
Red    Camponotus  ferrugineus 

Beaver     Castor  canadensis 

Deer,  white-tailed     Odocoileus  virginianus 
Hare,  snowshoe      Lepus  americanus 
Porcupine     Erethizon  dorsatum 
Squirrel,  red    Tamiasoiurus  hudsoniaua  ii\ 

16 



PESTICIDE  PRECAUTIONARY  STATEMENT 

Pesticides  used  improperly  can  be  injurious  to  man,  animals,  and  plants.  Follow  the 
directions  and  heed  all  precautions  on  the  labels. 

Store  pesticides  in  original  containers  under  lock  and  key  —  out  of  the  reach  of  children 
and  animals  —  and  away  from  food  and  feed. 

Apply  pesticides  so  that  they  do  not  endanger  humans,  livestock,  crops,  beneficial 
insects,  fish,  and  wildlife.  Do  not  apply  pesticides  when  there  is  danger  of  drift,  when 
honey  bees  or  other  pollinating  insects  are  visiting  plants,  or  in  ways  that  may 
contaminate  water  or  leave  Ulegal  residues. 

Avoid  prolonged  inhalation  of  pesticide  sprays  or  dusts;  wear  protective  clothing  and 
equipment  if  specified  on  the  container. 

If  your  hands  become  contaminated  with  a  pesticide,  do  not  eat  or  drink  until  you  have 
washed.  In  case  a  pesticide  is  swallowed  or  gets  in  the  eyes,  follow  the  first-aid  treatment 
given  on  the  label,  and  get  prompt  medical  attention.  If  a  pesticide  is  spilled  on  your  skin 
or  clothing,  remove  clothing  immediately  and  wash  skin  thoroughly. 

Do  not  clean  spray  equipment  or  dump  excess  spray  material  near  ponds,  streams,  or 
wells.  Because  it  is  difficult  to  remove  all  traces  of  herbicides  from  equipment,  do  not  use 
the  same  equipment  for  insecticides  or  fungicides  that  you  use  for  herbicides. 

Dispose  of  empty  pesticide  containers  promptly.  Have  them  buried  at  a  sanitary 
land-fill  dump,  or  crush  and  bury  them  in  a  level,  isolated  place. 

Note:  Some  States  have  restrictions  on  the  use  of  certain  pesticides.  Check  your  State  and 
local  regulations.  Also,  because  registrations  of  pesticides  are  under  constant  review  by 
the  Federal  Environmental  Protection  Agency,  consult  your  county  agricultural  agent  or 
State  extension  specialist  to  be  sure  the  intended  use  is  still  registered. 
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FOREWORD 

This  is  one  of  a  series  of  manager's  handbooks  for  the  important 
forest  types  of  the  north  central  States.  The  purpose  of  this  series  is  to 
present  the  land  manager  with  the  latest  and  best  information  available 
on  handling  these  types.  Timber  production  is  dealt  with  more  than 
other  forest  values  because  it  is  usually  a  major  management  objective 
and  more  is  generally  known  about  it.  However,  ways  to  modify 
management  practice  to  maintain  or  enhance  other  values  are  included 
if  sound  information  is  available. 

The  author  has,  in  certain  instances,  drawn  freely  on  unpublished 
information  provided  by  scientists  and  managers  outside  his  specialty. 
He  is  also  grateful  to  the  several  technical  reviewers  throughout  the 
region  who  made  many  helpful  comments. 

The  handbooks  have  a  similar  format,  highlighted  by  a  "Key  to 
Recommendations".  Here  the  manager  can  find  in  logical  sequence  the 
management  practices  recommended  for  various  stand  conditions. 
These  practices  are  based  on  research,  experience,  and  a  general  silvical 
knowledge  of  the  predominant  tree  species. 

All  stand  conditions,  of  course,  cannot  be  included  in  the  handbooks. 

Therefore,  the  manager  must  use  technical  skill  and  sound  judgment  in 

selecting  the  appropriate  practice  to  achieve  the  desired  objective.  The 
manager  must  also  apply  new  research  findings  as  they  become  available 
so  that  the  culture  of  these  important  forest  types  can  be  continually 

improved. 
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ASPEN 

IN  THE  NORTH  CENTRAL  STATES 

Donald  A.  Perala,  Silviculturist 

Grand  Rapids,  Minnesota 

SILVICAL  HIGHLIGHTS 

he  bulk  of  the  aspen'  in  the  north  central  States  is  in 
^inesota,  Wisconsin,  and  Michigan  where  13  million 

iC's  (one-fourth  of  the  commercial  forest  land)  of 
Ls;n  type  contain  80  percent  of  the  aspen  growing 
tck;  the  rest  of  the  growing  stock  is  in  conifer  types  (7 

)e|;ent)  and  other  hardwood  types  (13  percent).  Quak- 
iijland  bigtooth  aspens  occur  on  nearly  every  soil  type 
mgrow  best  on  deep,  well  drained  soils. 

.spens  are  highly  sensitive  to  shade,  soil  compaction, 
ill  and  mechanical  injury  to  the  root  system.  The 

pies  grows  rapidly,  thins  itself  naturally  from  compe- 
it  n,  insects,  and  diseases,  and  matures  in  30  to  70 

years;  occasional  trees  will  survive  100  years  or  more. 
Without  disturbance,  aspen  stands  will  be  replaced  by 

more  tolerant  or  longer-lived  associates. 

Aspen  typically  sprouts  many  thousands  of  suckers  per 
acre  from  the  shallow  parent  root  system  after  a  stand 
has  been  opened  by  fire,  windthrow,  or  cutting.  The 
suckers  arising  from  the  same  tree  are  genetically 

identical  to  the  parent  and  are  called  a  "clone".  Suckers 
of  the  same  clone  have  uniform  characteristics,  but 

suckers  of  different  clones  can  vary  widely  —  especially 
in  bigtooth  aspen.  Single  clones  typically  cover  1/10  to 
1/5  acre,  occasionally  up  to  4  acres. 

MANAGEMENT  OBJECTIVES  AND  NEEDS 

/)out  one-third  of  the  aspen-birch  forest  type  in 
fi;;]iesota,  Wisconsin,  and  Michigan  is  growing  much 

•el^  potential.  The  management  objectives  considered 
\  iiis  handbook  are  to  improve  yields  of  timber,  water, 

T  '{dldlife  in  this  forest  type  while  minimizing  impact 
n  le  landscape. 

l^A  recommended  silvicultural  system  for  growing  and 

epducing  aspen  is  complete  clearcutting  at  rotation 
geto  regenerate  pure,  fully  stocked  stands  of  suckers. 

In  young  stands  that  were  not  established  by  complete 

clearcutting,  the  residual  trees  need  to  be  removed  as 

early  as  possible.  One  or  two  thinnings  to  control  stand 

density  are  needed  to  greatly  increase  the  yield  and 

shorten  rotations  for  saw  logs  and  veneer,  but  thinning  is 
not  recommended  for  fiber  production.  The  manager 
will  need  considerable  skill  and  wisdom  to  balance  the 

output  of  timber,  water,  and  wildlife  while  maintaining  a 

pleasing  landscape. 

KEY  TO  RECOMMENDATIONS 

T|e  following  key  recommends  the  management  tech- 

lio'es  that  will  improve  the  yields  of  timber  and  water. 

\or  scientific   names   of  plants   and  animals,    see 
ipmdix,p.  27. 

or  increase  wildlife  for  given  stand  and  site  conditions 

and  objectives.  Not  every  possible  situation  can  be 

covered  in  detail,  so  the  manager  must  choose  the 

alternatives  that  come  closest  to  describing  his  condi- 



tions.    If   growing   aspen    is   not   reasonable,  alternate  Start  with  the  first  pair  of  like-numbered  statementi 
species  are  recommended.  Choose  the  statement  that  better  describes  your  force 

and  find  either  a  number,  a  partial  recommendation  aai 
number,  or   a  final   recommendation.   If  a  number 

The  timber  recommendations  will  have  some  effect  on  given,   find   that  pair  of  statements  and  continue  til 

water,  wildlife,  and  landscape  values.  These  effects  are  process  until  a  final  recommendation  is  reached.  Til 

discussed  in  the  appropriate  sections  (p.  9-12)  where  page  numbers  refer  you  to  appropriate  discussion  in  t! 

modified  or  alternative  practices  are  recommended.  "Management  Considerations"  section  that  follows. 

1.     Site  index  60  or  greater  (p.  3)   WELL  SUITED  FOR  ASPEN  TIMBER  MANAGEMENT.  . 
1.     Site  index  less  than  60  (p.  3)       POORLY  SUITED  FOR  ASPEN  TIMBER  MANAGEMENT.  . 

2.     Aspen  management  is  primary  objective   
2.     Aspen  management  is  not  primary  objective   

3.     Stand  is  well  stocked,  either  pure  or  mixed  (p.  5)   
3.     Stand  is  understocked  (p.  5)       

4.     Fiber  management  option       REGENERATE  WHEN  MATURE  (p.  3 

4.     Sawtimber  or  veneer  management  option,  site  index  70+       

5.     Stand  age  10  to  30  years       THIN  ACCORDING  TO  SCHEDULE  (p 
5.     Stand  age  over  30  years   REGENERATE  WHEN  MATURE  (p 

6.     Operable  cut  expected  at  rotation  (p.  5)   WAIT,  REHABILITATE  (p 
6.     No  possibUity  of  operable  cut  (p.  5)   REHABILITATE  NOW  (pi 

7.     Stand  is  pure,  well  stocked  (p.  5)    ....  HARVEST  WHEN  MERCHANTABLE,  CONVERT  TO  CONIFERS  (pp 
7.     Stand  is  mixed  or  understocked   
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8.     Stand  understocked  (p.  5)       CONVERT  TO  CONIFERS  (pi, 
8.     Stand  mixed       

9.     Stand  is  spruce-fir  mixed       GROW  ASPEN  WITH  CONIFERS  (f 
9.     Stand  is  other  conifers  or  hardwoods  mixed       PROMOTE  SUCCESSION  ({ 

10.  Timber  management  is  objective   CONVERT  TO  CONIFERS  (p 
10.  Watershed  or  wUdlife  management  is  objective   

1 1 .  General  area  is  less  than  25  percent  aspen   MAINTAIN  ASPEN  (| 
11.  General  area  is  more  than  25  percent  aspen   

12.  Deer  or  moose  management  is  objective       
12.  Watershed  or  other  wildlife  management  is  objective   MAINTAIN  ASPEN  (] 

13.  General  area  is  less  than  15  percent  conifers       CONVERT  TO  CONIFERS  (p.  5,  ( 
13.  General  area  is  more  than  15  percent  conifers        MAINTAIN  ASPEN  (] 

TIMBER  MANAGEMENT  CONSIDERATIONS 

Controlling  Stand  Establishment  the  relative  local  abundance  of  aspen,  hardwood,  ;j 
conifer  types;  the  long-term  availability  of  aspen  i| 

The  land  manager  must  decide  what  species  to  grow  other  species;  watershed,  wildlife,  and  esthetic  olj, 

and  the  end  products  for  those  species.  These  decisions  tives;  and  the  productivity  of  forest  soils  for  var  ij 
will  be  influenced  considerably  by  market  conditions;  species.  , 



'ite  Index  Curves 

Estimating  Site  Productivity 
11 

It 
II  Site  index  is  commonly  determined  by  comparing  the 
ean  total  height  and  age  of  dominants  and  codomi- 
nts  with  published  site  index  curves.  Site  indices  are 
pressed  in  even  units  of  10  feet  at  age  50,  the  class 
terval  being  56  to  65  for  site  index  60,  for  example. 
>e  site  index  curves  (see  Appendix,  fig.  12)  to  estimate 

e  index  for  quaking  aspen.  Up  to  age  50  the  estimates 
11  be  reasonably  accurate  throughout  most  of  the 
rth  central  area;  after  age  50  accuracy  can  drop 
;nificantly  because  of  local  variation  in  height  growth. 
le  only  curves  for  bigtooth  aspen  are  from  northern 
>wer  Michigan  (see  Appendix,  fig.  13).  When  these 
rves  are  used  elsewhere  for  bigtooth  aspen,  the  site 
lex  estimates  are  Ukely  to  be  less  accurate. 

^(l  The  genetic  variation  between  clones  can  sometimes 
^  ise  considerable  error  in  aspen  site  index  estimation 

Appendix,  fig.  14).  To  accurately  estimate  site 
w  lex  where  clonal  growth  differences  are  pronounced, 

asure  two  dominant  aspens  in  each  of  three  clones 
resentative  of  the  stand.  The  average  height  of  the 
ee  clones  along  with  tree  age  will  give  reliable  site 
ex  values.  Sampling  only  the  tallest  clone  or  clones 
Id  overestimate  site  index  by  5  to  10  percent. 

^  il  Examination 
RSI 

■  ■  ite  index  curves  are  not  reliable  for  stands  less  than 
EH(  years  old,  or  in  stands  where  growth  was  slowed 
.,  ause  of  fire,  or  because  partial  cutting  left  dense 

rstories.  To  estimate  site  index  in  such  stands,  use 

iP|,|     and   topographic  features  instead  of  heights  (see 
(endix,  tables  1  and  2).  Soil  surveys  by  the  USDA 

Conservation  Service  and  other  agencies  can  also  be 
useful  (fig.  1). 

ternative  Species 

filly  site  index  60  or  better  should  be  considered  for 
abn  timber  management  although  poorer  sites  can  be 

nliaged  for  aspen   for  other  purposes.  Conifers  are 

iSpUy  more  productive  than  aspen  on  poorer  sites  so 
wooih|  land  manager  may  wish  to  convert  to  conifers.  The 
aspiiafl  manager  may  also  wish  to  convert  better  aspen  sites 
letic 'either  species.  The  following  tabulation  gives  quaking 
fonisfen  site  index  values  and  the  corresponding  site  index 

osome  alternative  species: 

:Si 
e 

Figure  1.  —  Tliis  aspen  stand  has  a  measured  site  index 
of  42.  Since  the  stand  originated  after  fire,  the  true 
site  index  of  the  stand  is  underestimated.  A  soil 

examination  is  needed  to  accurately  assess  the  poten- 
tial productivity  of  the  site. 

If  quaking  aspen  Then  site  index  for  these  species  is: 
site  index  is: Red  pine Basswood 

Paper  Birch 
40 46 44 

40 

50 50 50 

47 

60 

54 

56 

55 
70 

59 

62 

62 
80 

63 68 

70 

Regenerating  Aspen 

Basic  Requirements 

For  best  aspen  sucker  regeneration:  (1)  the  soil  must 
be  well  drained  and  aerated,  and  (2)  the  parent  stand 

must  have  a  minimum  aspen  density  of  50  trees  or  20 

square  feet  basal  area  per  acre.  To  stimulate  suckering, 
allow  heat  and  light  to  reach  the  forest  floor  by 

removing  as  much  of  the  overstory  as  possible,  prefer- 
ably all  trees  2  inches  or  more  in  d.b.h.  (as  little  as  10  to 

15  square  feet  basal  area  of  residual  overstory  will  slow 
sucker  growth  by  35  to  40  percent)  (fig.  2).  In  some 
cases  the  understory  may  also  need  to  be  controlled. 
Harvesting  the  overstory  in  summer  helps  in  this  regard. 



Figure  2.  -  One-year-old  quaking  aspen  wot  sprouts 
(suckers). 

Site  Preparation 

Harvesting  the  old  stand  helps  prepare  the  site  for 
regenerating  aspen,  but  some  harvesting  methods  are 

better  than  others  in  this  respect.  Full-tree  or  tree-length 
harvesting  scarifies  and  eliminates  enough  competing 
vegetation  during  felling  and  skidding  that  further  site 
preparation  is  often  unnecessary.  On  the  other  hand, 

traditional  or  "shortwood"  harvesting  must  usually  be 
followed  by  additional  site  preparation.  Of  course, 
stands  that  are  not  commercially  harvestable  must  also 
be  treated.  Table  3  (Appendix)  lists  how  effective  in 

encouraging  suckering  various  site  preparation  tech- 
niques are  under  certain  overstory,  understory,  and 

forest  floor  conditions. 

Options  to  encourage  suckering  include  shearing, 
chainsaw  felling,  girdling,  treating  with  herbicides,  and 

prescribed  burning.  Discing  and  roller  chipping  are  not 
recommended  because  their  stimulation  of  suckering  is 
often  negated  by  damage  they  do  to  the  parent  roots 
(fig.  3). 

Figure   3.   —  Discing  or  roller  chopping  disturbs  t 
parent  root  stock  and  reduces  sucker  growth  a.ii 
survival. 

Shearing  is  the  most  successful  mechanical  site  prep  ;i 
ation  method.  A  sharp  blade  and  shearing  on  frozen  sc 
will  least  disturb  the  parent  root  system  and  maxim 

sucker  production. 

Girdle  or  treat  with  herbicides^  only  in  fully  stock 
stands.  (In  poorly  stocked  stands  every  tree  is  needed 
increase  suckering,  so  all  should  be  sheared  or  chains, 
felled  instead.)  Girdling  or  chemical  treatment  are  m( 
efficient  on  trees  over  5  inches  d.b.h.  Girdles  shot 

penetrate  to  the  sapwood  and  encircle  the  stem  co 

pletely.  Diluted  herbicides  such  as  2,4-D  amine,  2,4,5 
or  picloram  can  be  injected  1/4-  to  1/2-inch  into  t 
sapwood  as  close  to  the  tree  base  as  possible,  or 
sprayed  on  the  tree  base  in  oil  solution  any  time  duri 
the  snow-free  season. 

Aerial  spraying  during  July  1 5  to  August  1 5  with  3  H 

2,4-D  ae  (acid  equivalent)  in  5  gallons  of  water  mixtUK 
per  acre  will  control  paper  birch  and  aspen  residual  tretJ 

Substitute  2,4,5-T  for  2,4-D  if  red  oak  is  presei«; 
Although  the  aspens  will  be  top-killed,  they  will  respro 

the  next  year  to  provide  a  fully  stocked  stand.  Harvestf  ij 
stands  should  be  sprayed  within  1  year. 

^See  Pesticide  Precautionary  Statement,  p.  28. 



Prescribed  burning  should  be  used  only  by  personnel 
perienced  in  fire  behavior  and  fire  weather.  It  is 
commended  only  when  other  site  preparation  methods 

e  impractical  or  in  poorly  stocked,  brushy,  or  sodded 
ands.  Although  burning  increases  suckering,  it  also 
nds  to  slow  sucker  growth.  Harvested  stands  should  be 
irned  within  1  year;  the  best  time  is  in  the  spring 

fore  growth  starts.  If  snow  still  Ues  in  the  surrounding 
nber,  or  if  the  surrounding  timber  is  hardwood,  the 
rn  can  be  easily  confined  to  the  harvested  area  (see 

rescribed  Burning"  and  table  4  in  Appendix). 

ocking  Standards 

y  age  2,  when  most  suckering  will  have  occurred, 
cker  stands  should  exceed  85  percent  milacre  stocking, 
about  4,000  to  5,000  stems  per  acre  (fig.  4).  As 
eking  drops  below  4,000  per  acre  at  age  2,  the 
mces  that  the  stand  will  develop  to  an  economically 
erable  density  decrease  rapidly  with  small  increases  in 
rtality.  The  development  of  sucker  stands  should  be 

^cked  periodically  (see  "Forecasting  Future  Opera- 
ity"  and  fig.  15,  Appendix). 

Fiure  4.  —  Regeneration  of  dense  sucker  stands  is  the 

^*  best  guarantee  of  high  aspen  productivity. 

Controlling  Composition 

Cmpetition 

an  aspen  stand  is  properly  regenerated  at  maturity, 

ilvill  outgrow  other  regenerating  species;  these  then 

may  develop  as  an  understory.  Overtopping  trees  left 
after  harvest,  however,  strongly  suppress  aspen  growth, 
and  should  be  removed  in  initial  site  preparation  or  by 
cleanings  and  thinnings  within  10  years. 

Growing  Conifers  with  Aspen 

Only  white  spruce  and  balsam  fir  can  easily  be 
managed  concurrently  with  aspen.  In  fact  it  is  difficult 
to  manage  spruce  and  fir  to  the  exclusion  of  aspen,  and 

vice-versa,  where  they  exist  together.  The  total  fiber 
yield  may  be  greater  in  these  mixed  stands  than  if  pure 
stands  of  any  one  species  are  grown  (fig.  5). 

Figure  5.  —  Aspen  and  balsam  fir  can  be  grown  together 
for  landscape  variety  and  forest  crop  diversity. 

Where  mature  aspen  has  an  understory  of  immature 

spruce-fir,  clearcut  the  aspen  at  age  30  to  50  to  release 
the  conifer  understory.  Openings  in  the  conifer  canopy 

will  be  large  enough  to  allow  good  aspen  sucker 
development  in  scattered  patches.  Manage  the  conifers 

either  by  group  selection,  shelterwood,  or  diameter 
limits  according  to  age  structure  and  the  proportion  of 

aspen.  Make  shelterwood  and  diameter  limit  cuttings  to 

encourage  advance  spruce-fir  regeneration  when  the 
aspen  component  is  minor  or  scattered.  Clearcut  mature 
aspen  and  conifers  to  regenerate  a  fully  stocked  aspen 
sucker  stand.  If  advance  reproduction  is  sparse,  clearcuts 
should  be  small  (preferably  less  than  20  acres);  large 
clearcuts  should  not  exceed  200  feet  in  width  and  their 



length  should  be  oriented  perpendicular  to  prevailing 
winds  since  conifer  seeds  must  blow  in  from  outside. 

Althougli  spruce-fir  regeneration  will  be  minor  the  next 
10  to  20  years,  by  the  time  aspen  is  mature  again, 

understory  conifers  will  be  re-established  and  the  cycle 
can  be  repeated  indefinitely. 

Promoting  Succession 

Pines  or  northern  hardwoods  often  become  established 

as  an  understory  in  aspen.  Pines  cannot  be  easily 

managed  concurrently  with  aspen  so  the  aspen  can  be 
removed  carefully  whenever  operable.  Aspen  does  not 
compete  well  with  northern  hardwoods  and  should  be 
removed  in  partial  cuts  to  recommended  densities  for 
northern  hardwoods. 

Expanding  "Plus" Qones 
Variation  in  some  aspen  stands  is  enormous;  yield  can 

differ  as  much  as  200  percent  between  clones  on  the 
same  site.  Since  much  of  this  variation  is  genetic,  an 

opportunity  for  stand  improvement  exists  both  during 
thinnings  and  during  the  regeneration  cut. 

During  thinnings,  favor  the  best  ("plus")  clones  for 
crop  trees.  Be  alert  for  obvious  traits  such  as  superior 
stem  form  and  growth  rate,  lack  of  branchiness,  and 
resistance  to  hypoxylon  canker  and  heart  rot  (fig.  6).  In 
mixed  stands  of  bigtooth  and  quaking  aspen  on  dry 
exposed  sites,  generally  favor  bigtooth  because  of  its 
superior  growth  and  greater  resistance  to  diseases  and 
insects.  However,  as  soil  moisture  increases,  quaking 
aspen  often  tends  to  perform  better  and  should  be 
favored. 

Identify  the  boundary  of  plus  clones  and  remove 

competing  poor  ("minus")  clones  during  thinning.  Do 
not,  however,  open  the  stand  excessively,  but  maintain 
full  stocking  by  leaving  minus  trees  where  necessary  (see 
Appendix,  fig.  16).  The  suckers  that  arise  from  the 
minus  clones  will  soon  die  from  shading. 

Suckering  of  minus  clones  can  also  be  controlled 

during  the  regeneration  cut.  The  fall  or  spring  2  years 
before  harvest,  favor  plus  clones  resistant  to  heart  rot 

(indicated  by  the  absence  of  conks)  by  basally  spraying 

competing  minus  clones.  Or  during  felling  (when  sus- 
ceptibility to  decay  is  most  obvious)  spray  the  exposed 

cambium  of  cut  stumps  of  competing  minus  clones.  In 

both  cases,  use   2  gallons   of  Tordon   155^'^   in   100 

^Mention  of  trade  names  does  not  constitute  endorse- 
ment of  the  products  by  the  USDA  Forest  Service. 

Figure  6.  —  Well  formed,  disease-resistant  clones  on  gn 
sites  are  required  in  a  thinning  program  to  prodt 

saw  logs  and  veneer  bolts. 

gallons  of  fuel  oil  and  thoroughly  wet  the  treated  ar ' 
As  an  alternative,  girdle  minus  clones  in  the  summi  i 
years  prior  to  harvest  to  reduce  suckering.  Do  not  dd 

harvesting  more  than  2  years  after  girdling  or  chen  i 
treatment  because  a  significant  amount  of  wood  1 1 
deteriorate  after  the  trees  die. 

Do  not  treat  minus  trees  more  than  50  feet  beyor ; 

plus  clone  to  assure  full  stocking  with  aspen  suck ; 
Several  rotations  will  probably  be  needed  to  rep  i 
most  minus  clones  since  plus  clones  can  be  extendec 
only  20  to  40  feet  each  rotation,  but  the  quality  of ; 
stand  will  be  steadily  upgraded  each  rotation. 

Improving  Growth 

The  practices  that  control  stand  establishment  r 
composition  will  markedly  affect  stand  growth.  Gene 

ly,  dense  stands  are  initially  more  pest  resistant  and  i' 
yield  more  fiber  at  maturity  than  more  moderai ; 
stocked  stands.  On  the  other  hand,  trees  in  dense  sta  i 

do  not  grow  in  diameter  as  quickly  as  moderai ; 
stocked  stands  and  will  yield  less  sawtimber  and  ven  ( 



,  Yields  can  be  increased  by  (1)  thinning  and  (2) 

jdjusting  rotation  ages  to  maximize  mean  annual  incre- 
nent.  Both  options  are  recommended  for  growing 

I'jawtimber   and    veneer;  for   fiber,  only   adjusting  the 
otation  age  is  recommended. 

>  ̂hinning 

Only  well-formed,  disease-resistant  clones  on  sites  70 
nd  better  can  yield  significant  amounts  of  sawtimber 
id  veneer.  Generally,  a  single  commercial  thinning  is 
:commended  (schedule  A  as  follows).  However,  site 
idex  80  or  better  stands  will  produce  substantially 
lOre  sawtimber  and  veneer  if  precommercially  thinned 
1  well  (schedule  B).  hi  schedule  A,  thin  once  at  about 
56  30  when  basal  area  has  surpassed  120  to  140  square 
et.  Leave  about  240  trees  and  60  to  70  square  feet  per 
;re.  In  schedule  B,  the  precommercial  thinning  should 

'ave  550  trees  per  acre  at  about  age  10  when  the  trees 
|e  still  small  enough  to  be  easily  felled  by  hand  (fig.  7). 

n  a  second  time  at  about  age  30  when  basal  area  has 

rpassed  130  square  feet  per  acre.  Leave  200  trees  and 
to  90  square  feet  per  acre.  Delay  the  regeneration  cut 

in  either  schedule  as  long  as  the  stand  is  healthy  and 

shows  little  sign  of  heart  rot  —  age  50  to  60  in  most 
cases. 

Assuming  a  regeneration  cut  at  age  55,  schedules  A 
and  B  in  site  index  80  aspen  would  average  12  to  14 
inches  d.b.h.,  compared  to  9.5  inches  without  thinning. 
Thinning  produces  up  to  140  percent  more  veneer  and 
up  to  40  percent  more  sawtimber  than  without  thinning, 

with  the  greatest  gains  from  the  two-thinning  schedule 
(see  Appendix,  fig.  17).  Thinning  can  produce  the  same 
amount  of  sawtimber  in  10  years  less  time,  or  the  same 
amount  of  veneer  in  14  years  less  time  than  without 
tliinning. 

The  smaller  trees  and  tops  of  crop  trees  could  give 
these  additional  yields  of  whole  chips: 

Schedule 

A 
B 

Regeneration    Rotation 
cut  total 

Commercial thinning 

—  (fresh  weight,  tons  per  acre)  — 

54(4.3)^*  63  117 
41  (5.7)  65  106 

^Mean  diameters  in  parentheses. 
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Figure  7.      The  first  thinning  at  about  age  10  should  leave  550  trees  per  acre. 



Thinnings  need  only  remove  other  species  competing 
in  or  above  the  aspen  overstory,  not  those  in  the 
understory.  Always  remove  poor  risk  aspen;  never 
remove  potential  crop  trees.  Uniform  spacing  is  not 
critical  except  that  large  openings  (which  can  cause 
aspen  sunscald)  should  be  avoided.  Because  the  material 
removed  in  thinnings  is  small  diameter,  we  recommend 

chipping  the  whole  tree  to  improve  utilization. 

Rotation  Length 

The  regeneration  cut  should  be  timed  to  maximize 

mean  annual  increment  of  the  products  desired.  (Econ- 
omic rotations  are  usually  5  to  10  years  shorter.) 

Generally,  the  larger  the  product,  and  the  lower  the  site 
index,  the  longer  will  be  the  rotation.  However,  in  some 
areas,  low  site  index  aspen  deteriorates  earlier  than  high 

site  aspen  and  should  be  harvested  first. 

Rotation  lengths  for  quaking  and  bigtooth  aspen  in  the 
Lake  States  by  product,  site  index  class,  and  with  and 
without  thinning,  are  given  in  Appendix,  table  5.  Stands 
managed  for  sawtimber  and  veneer  on  rotations  of  50  to 
70  years  must  be  chosen  carefully  and  inspected  often 
for  signs  of  deterioration.  Shorten  the  rotation  if  there 
will  be  significant  loss  and  consider  another  product  for 
the  next  rotation. 

Damaging  Agents  and  Control  Measures 

Diseases 

A  common  disease  in  young  aspen  stands  is  "shep- 
herd's crook",  which  usually  only  blackens  and  kills 

back  the  terminal.  New  growth  recovers  the  following 
year  and  no  control  is  feasible  or  necessary. 

Hypoxylon  canker  commonly  infects  stands  of  all  ages 
and  is  the  only  disease  causing  significant  mortahty  over 
recommended  fiber  rotation  lengths.  About  3  percent  of 
the  Lake  States  aspen  trees  are  killed  annually  by  this 
infection  (fig.  8).  Bigtooth  aspen  is  five  times  as  resistant 
as  quaking  aspen.  The  only  known  control  is  to  maintain 
full  stocking  throughout  the  rotation  to  assure  at  least 
partial  replacement  of  growth  loss.  Cultural  techniques 
to  encourage  the  expansion  of  resistant  clones  or 
bigtooth  aspen  clones  into  quaking  aspen  clones  would 

increase  stand  resistance  to  infection  (see  "Expanding 
'Plus'  Clones").  Where  it  is  difficult  to  obtain  full 
sucker  stocking  and  the  infection  rate  is  high,  conver- 

sion to  other  species  is  recommended  (see  "Stocking 
Standards"). 

Figure  8.  —  Hypoxylon  canker  of  aspen,  the  secon 
most  important  pathogen  of  aspen  in  the  Lake  Statt 

The  scalpel  is  embedded  in  the  central  portion  a}' 
canker. 

Heart   rot   decays   the  heartwood   of  stands  neari 
maturity  and  is  the  main  limitation  to  growing  aspen 

veneer  rotations  exceeding  50  or  60  years  (fig.  9).  Los,': 
to  this  disease  are  not  serious  for  shorter  rotations.  He^j 

rot  probably  enters  bark  wounds  or  dead  branch  stuii| 
In  the  first  stage  of  decay  the  wood  is  still  firm  but  li 

becomes  discolored  enough  to  cause  degrade  in  lumbl 
in  the  final  stage  the  heart  rot  becomes  soft,  punky,  a 

is  often  large  enough  to  cull  a  log.  If  the  decay  is  sn:  i!  L 
or  firm,  the  log  can  be  held  in  a  turning  chuck  and  roti 
veneer  yield  will  be  little  affected.  On  the  average,  1 1 

final  (soft)  stage  of  decay  will  reduce  gross  merchanta  1 
yields  by  1,  2,  5,  and  10  percent  at  ages  40,  50,  60,  a  i 
70,  respectively.  If  all  stages  of  decay  are  considered,  Ijfj 

12,   16,   and   20  percent   defect,   respectively,  will 

found.  Sporophores  or  "conks"  indicate  that  the  fi  { 
decay  stage  extends  2  to  5  feet  above  and  below 
conk,  depending  on   their  number  and   size,  but 
absence  of  conks  does  not  necessarily  mean  the  abseitf of  decay. 

Besides  age,  tree  vigor  and  inherent  resistance  in)  i 
ence  decay.  Vigorous,  fast  growing  trees  are  relativ  1 
resistant,  although  the  relationship  between  decay  i ' 
site   index  is  not  consistent.  Since  certain  clones   i 

considerably  more  decay  resistant  than  others  on 

same  site,  inherited  resistance  is  probably  more  imp( ' 
ant   than   site   index.   No  controls  are  known  for 

disease    except    to   make    the    regeneration    cut   ea 
enough  to  avoid  unacceptable  losses. 

Ih 



..   —  Conk  of  Phellinus  igniarius  —  the  main 
deterrent  to  growing  aspen  to  old  ages. 

Dnce  past  the  juvenile  stage,  aspen  is  seldom  killed 
n  ectly  by  insects.  However,  insects  such  as  the  poplar 
pel  rer  may  enhance  mortality  by  weakening  the  tree  or 
b)  jviding  infection  courts  for  pathogens.  A  number  of 
H  ler  wood  borers  can  damage  and  kill  young  suckers. 

lit  le-size   and  mature   stands  are   more   susceptible  to 
utl  Toliating  insects  such  as  the  forest  tent  caterpillar  and 

!  large  aspen  tortrix.  Even  repeated  defoUation  does 
t  cause  much  direct  mortality,  except  on  sites  with 

Ji  water  tables  —  the  main  effect  is  temporary  loss  in 
iwth.  No  direct  insect  control  is  now  practiced  in 

len  although  dense  sucker  stands  should  be  regener- 
d  to  minimize  borer  damage. 

r 

ispen  stands  are  relatively  low  in  flammability  and 
s  are  easily  controlled.  However,  even  surface  fires 

\i  either  kill  or  injure  aspens  and  cause  significant 
wth  loss  and  early  stand  breakup.  Fire  should  be 
luded  from  aspen  stands  except  for  regeneration  and 
n  then  excessively  hot  fires  should  be  avoided. 

Weather 

New  spring  growth  can  be  killed  by  frost,  but  growth 
resumes  and  httle  permanent  damage  results.  Aspen  is 
prone  to  windthrow  or  breakage,  particularly  when 
weakened  by  boring  insects  or  disease.  Young  sucker 
stands  can  be  seriously  damaged  and  sometimes  killed 
back  by  hail. 

Improperly  Timed  Silvicultural  Practices 

Soil  compaction  from  heavy  machines  can  reduce 
future  aspen  yields  5  to  10  percent  by  lowering  soil 
aeration  required  for  vigorous  suckering.  The  potential 
for  compaction  is  most  severe  on  wet  soils  having  a  high 
clay  content,  and  is  minimal  on  dry  sandy  soils.  Disperse 
skidding  to  minimize  compaction  during  the  summer  by 
mechanized  logging.  Winter  logging  causes  less  soil 
compaction  than  summer  logging,  but  does  not  disturb 

competing  vegetation  as  much  ̂   a  factor  to  consider  on 
brushy  aspen  sites.  Shearing  for  aspen  regeneration 
should  always  be  done  when  soils  are  frozen.  ,.i,t. 

Conversion  to  Conifers 

Aspen  stands  to  be  converted  to  conifers  should  first 
be  harvested  of  all  usable  material.  Prepare  the  site 
mechanically  by  shearing,  roller  chopping,  or  barrel 
scarifying,  or  treating  chemically  between  July  15  and 

August  15  with  picloram  plus  2,4-D  (0.5  pounds  +  2 

pounds  per  acre)  in  10  to  20  gallons  water  per  acre.^ 
Plant  suitable  conifers  the  following  spring. 

Release  conifers  from  aspen  suckers  as  needed  using 

2,4-D  or  a  50  percent  mixture  with  2,4, 5-T  when  oak  or 
other  hardwoods  are  present.  Use  total  rates  of  3  pounds 
per  acre  in  4  to  5  gallons  water  mixture  for  aerial 

spraying;  3  pounds  per  acre  in  10  to  20  gallons  for 
ground  spraying.  White  spruce  and  red  pine  are  safe  to 
release  after  July  1  but  release  is  best  after  July  15.  Jack 
pine  is  not  safe  to  release  until  August  1.  Complete  the 

release  operations  by  August  15.  Wliere  chemicals 
cannot  be  used,  hand  release  during  the  growing  season 

(June,  July,  early  August)  to  lessen  regrowth  of  aspen. 

OTHER  RESOURCE  CONSIDERATIONS 

Water 

spen  forests  can  have  considerable  impact  on  water 
d,  depending  on  how  they  are  managed.  Harvesting 

Mier  intermediate  thinnings  or  regeneration  clearcuts) 

ora  sustained  yield  forest  will  have  little  impact  on 

water  yield,  quality,  or  timing,  because  only  1/30  to 
1/60  of  the  total  acreage  is  cut  during  any  1  year. 
However,  an  individual  watershed  that  is  completely 

clearcut  may  yield  3  to  4.5  inches  more  water  the  first 
few  years  after  cutting.  This  yield  diminishes  with  time; 
after  6  to  7  years  the  new  stand  will  differ  little  in  water 



yield  from  mature  aspen.  Few  nutrients  are  lost  after 

clearcutting  because  of  rapid  vegetation  growth.  Sedi- 
mentation is  insignificant;  most  sediment  results  from 

construction  of  roads  and  skid  traUs  and  can  be  avoided. 

Timing  of  peak  flow  from  a  clearcut  watershed  may  be 
advanced  by  4  days.  Converting  aspen  to  conifers  has 

the  most  significant  long-term  effect  on  water  yields.  A 
pure  aspen  stand  will  yield  2.5  inches  more  water 
annually  than  a  pure  stand  of  red  pine  because  it 
intercepts  less  precipitation.  As  long  as  conifers  are 
maintained,  water  yields  will  remain  lower  than  if  the 
watershed  were  left  in  aspen. 

WUdlife 

Game  Species 

Ruffed  grouse  utilize  aspen  stands  of  all  ages.  Juvenile 
sucker  stands  at  age  2  (12,000  to  14,000  stems  per  acre) 
up  to  about  age  10  (6,000  to  8,000  per  acre)  are 
important  brood  habitats  for  grouse.  Sapling  and  pole 
stands  aged  10  to  25  are  preferred  overwintering  and 
breeding  cover.  Aspen  stands  older  than  age  25  (when 
stem  densities  usually  fall  below  2,000  per  acre)  are 

devoid  of  breeding  grouse  but  serve  as  nesting  cover  and 

as  a  very  important  food  source.  A  primary  year-round 
food  of  grouse  is  aspen  leaves  and  buds,  best  provided  by 
stands  nearing  maturity.  The  staminate  (male)  flower 
buds  of  aspen  are  the  most  important  nutritive  source 
for  grouse.  Some  male  clones  preferred  by  grouse  may 
be  30  percent  richer  in  proteins  than  male  clones  that 
are  not  eaten.  Finally,  snow  accumulates  earlier  and 
deeper  in  aspen  stands  than  in  conifer  stands.  This 

provides  burrowing  cover,  which  is  very  important 
during  most  winters. 

To  increase  ruffed  grouse,  aspen  should  be  clearcut  on 

a  40-  to  50-year  rotation,  in  patches  no  larger  than  10 

acres  in  each  40  acres,  and  at  10-year  intervals.  M, 
clones  that  grouse  prefer  should  be  favored  duri 
intermediate  thinnings  and  during  regeneration  cuts  (f 

"Expand  Plus  Clones").  Intermediate  thinnings  or  shi 
rotations  are  not  recommended  for  grouse  manageme 

White-tailed  deer  rely  heavily  on  the  aspen  ty 
especially  for  spring  and  fall  range,  and  for  winter  rar 

within  1/2-mile  of  winter  cover  types  (fig.  10).  Herba 

ous  and  shrubby  growth  associated  with  aspen  is  usua- 
more  abundant  because  the  intolerant  aspen  adrri 

more  sunlight  to  the  forest  floor  than  do  the  mi 
tolerant  hardwoods  and  conifers.  The  quality  gi 
availability  of  herbaceous  vegetation  in  the  spring  a 

fall  greatly  affect  the  vigor  of  northern  deer  herr 
Conifer  cover  during  winter  to  minimize  body  heat  II 
is  even  more  important.  Pure  aspen  or  hardwood  stain 
offer  poor  insulation  and  protection  from  wind  ceo 
pared  to  dense  stands  of  lowland  conifers  (especis; 

northern  white-cedar),  balsam  fir,  or  pines. 

I 

Deer  populations  can  be  increased  by  limiting  asfj 
clearcuts  to  40  acres  (preferably  20  acres)  and  by  shh 

rotation  management  (25  to  30  years  on  5-  to  10-yy 
intervals)  of  aspen  stands  within  1/2  mile  of  winter  do 
yards.  (The  cutting  schedule  recommended  for  groo 
could  also  be  applied  for  deer,  with  somewhat  reduu 
benefits.)  Ideal  deer  range  should  be  15  to  20  percj 
scattered  conifer  stands,  and  5  to  10  percent  sodded  ii 

brushy  openings  (which  are  important  spring  and 

feeding  areas).  Hardwood  forest  types  should  contain  '. 
to  35  percent  of  their  area  in  aspen  stands,  and  : 
percent  of  the  aspen  should  be  1  to  10  years  old. 

Moose  are  dependent  upon  the  aspen  communityvi 
provide  a  large  amount  of  browse.  For  moose  manaf 
ment,  clearcuts  can  be  up  to  100  acres;  the  stt 
composition  should  be  similar  to  that  for  deer. 

Figure  10.  —  Moose,  white-tailed  deer,  and  beaver  are  some  of  the  wildlife  species  that  depend  on  aspen  for 
food  and  cover.   (Deer  and  moose  photos  courtesy  of  Minnesota  DNR.) 
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*  mailer  Birds  and  Mammals 
luri 

[s|i  Beaver  populations  should  be  controlled  so  they  will 

sli()t  over-utilize  riparian  aspen  forests  by  repeatedly 
ma  opping  sucker  stands.  Repeated  cropping  can  result  in 

lath  of  the  stand  and  food  scarcity  for  future  popula- 

tyi  )ns. 

;[tii  Cavity  nesting  birds  and  mammals  can  be  encouraged 

jsm '  leaving  standing  dead  snags.  These  will  not  interfere 
adn  th  sucker  regeneration  of  the  new  stand.  Numerous 
m  ngbirds,  such  as  the  Nashville  warbler,  a  variety  of 
arrows,  hermit  thrush,  and  others,  need  all  elements  of 

od  and  cover  —  from  herbaceous  openings  and  early 
iges  of  forest  succession  (such  as  aspen)  to  stands  of 

all  iture  and  old-growth  timber. 
Stll 

ire  and  Endangered  Species 

Three  rare  or  endangered  species  using  the  aspen  type 
the  bald  eagle,  osprey,  and  eastern  timber  wolf.  All 

;  protected  by  Federal  and  State  laws.  The  following 

\^  julation  lists  restrictions  on  management  activities  for 
rey  and  eagle  nest  trees: 

as. 

redi) tance 
m  nest 

to  350  ft. 

D  to  650  ft. 

intai 

)and 

limit  rond 

"•tftto 
mile 

Osprey  nests 

No  activity  anytime 

No  activity  March  to July 

Normal  activities  OK 

Eagle  nests 

No  activity  anytime 

Thinning  and  pruning 

OK  (no  clearcutting) 

October  to  mid- 
February;  no  activity 
rest  of  year 

Normal  activities  Octo- 
ber to  mid-February 

only;  no  activities  rest 
of  year 

areas  more  than  1/4  mile  away  are  visible  from  the 
e  nest,  the  outer  zone  can  be  extended  to  1/2  mile  in 
t  direction.  Roads  and  trails  within  1/4  mile  of  eagle 

ts  should  be  closed  where  possible.  Scattered  old- 
wth  trees,  particularly  the  pines,  should  be  reserved 
iiuch  as  possible  for  future  nest  trees. 

he  timber  wolf  generally  requires  no  special  habitat 
lagement  beyond  good  management  for  deer,  moose, 

al  beaver.  These  are  the  primary  prey  of  wolves  and 
h)itat  manipulation  for  them  will  serve  the  wolf  as 
wli. 

Landscape 

Aspen  is  dominant  and  highly  visible  in  the  landscape 

of  northern  forests.  Because  it  is  abundant  and  pre- 
dominantly maintained  through  clearcutting,  how  it  is 

managed  will  have  important  impacts  upon  the  land- 
scape and  recreation  experiences.  Aspen  landscape 

management  is  needed  most  in  stands  in  the  foreground 
of  scenic  areas,  travel  corridors,  use  areas,  and  water 

bodies  frequented  by  and  readily  visible  to  large  num- 
bers of  forest  visitors.  Important  factors  to  be  con- 

sidered in  avoiding  unsiglnly  management  practices  are 
viewing  distance,  size,  shape,  edge,  distribution  or 
spacing,  timing,  vistas,  and  operations. 

The  foreground  (0  to  1/2  mile)  and  middleground  (1/2 
to  3  mUes)  landscape  zones  are  most  important  because 
they  are  most  readily  seen.  The  background  zone  (3 

miles  +)  is  important  when  it  is  highly  visible  and 
provides  a  scenic  backdrop. 

Foreground  landscapes  can  be  enhanced  by: 
1.  Providing  vistas  that  expose  and  frame  scenic 

features. 

2.  Utilizing  clearcuts  to  create  visual  variety  by 

opening  up  dense  stands,  and  breaking  up  straight  lines 
of  timber  with  curved  Hnes  and  irregular  openings. 

3.  Leaving  attractive  trees  and  snags  and  those  of 

special  interest. 
4.  Providing  diversity  in  plant  species,  age  class,  size, 

and  type. 

5.  Using  transition  vegetation  along  edges. 

6.  Varying  the  sizes  and  shapes  of  cuts. 
7.  Converting  to  other  vegetative  types. 

An  aspen  regeneration  cut  has  less  impact  if  its  size 
does  not  dominate  and  if  it  is  varied  and  in  scale  with 

natural  or  man-made  openings  that  may  occur  in  the 
landscape.  The  apparent  size  of  a  cut  can  be  reduced  by 
restricting  the  amount  of  cut  area  seen  from  any  one 
viewing  position.  Factors  such  as  distance,  shape,  and 

screening  provided  by  intervening  ridges  or  other  land- 
forms  and  islands  or  clumps  of  vegetation  help  to  limit 

the  apparent  size  of  cuts. 

Irregular,  free-form  shapes  that  follow  natural  projec- 
tions, indentations,  soils,  and  topographic  features  ex- 

pose smaller  areas  of  clearcut  to  view.  Avoid  cutting 
boundaries  in  long  straiglit  unnatural  edges  or  in 

geometric  shapes  wliich  clash  with  natural  landscape 
forms. 

Clearcut  openings  whose  edges  contrast  sharply  with 

the  surrounding  timber  can  be  "feathered"  to  soften 



such  contrasts.  Make  use  of  existing  openings  as  part  of 

edge.  Thin  into  adjacent  stands  to  develop  an  irregular 
loose  appearance  and  spacing.  Develop  a  diversity  of 
plants  in  species,  size,  and  texture,  to  help  soften  edge 
(fig.  11). 

Regularly  spaced  clearcuts  of  nearly  the  same  size  and 

shape  are  seldom  visually  pleasing.  Dispersal  and  ir- 
regular spacing  should  be  used  to  avoid  a  repetitious 

pattern. 

Aspen  harvests  should  be  scheduled  so  that  sufficient 
time  elapses  before  new  areas  are  cut  to  allow  dulling 
and  greening  of  the  old  cuts.  Stands  immediately 

adjacent  to  previous  clearcuts  should  not  be  scheduled 
for  a  regeneration  cut  until  a  stand  of  trees  has  been 
established  on  the  old  cut.  This  difference  in  age  will 
create  variety  and  contrast  in  the  sequence  of  cutover 
areas. 

Where  possible,  consider  cutting  carefully  selected 
trees  or  groups  of  trees  or  utilize  clearcuts  to  open  vistas 
through  the  timber.  This  can  provide  temporary  or 
permanent  views  of  outstanding  physical  features  (rock 
outcrops,  lakes,  streams),  and  panoramas  of  the  forest 
landscape.  Leave  clumps  of  birch,  spruce,  and  other 
conifers  to  frame  and  give  scale  and  dimension  to  the 
view.  Vista  openings  need  not  be  permanent.  As  changes 
occur  in  the  forest  scene,  new  openings  can  be  developed 
to  show  the  best  views.  Less  attractive  views  can  be 
allowed  to  close  in. 

Close  control  over  harvest  operations  is  as  important  aS'^ 
design.  The  best  planning  can  be  defeated  by  uncon- 

trolled harvesting.  The  basic  requirement  is  that  thej 
operation  appear  neat  and  organized.  In  all  areas  of^ 
heavy  public  use,  harvesting  should  be  limited  to  the 
minimum  recreation  season.  In  highly  visible  areas, 
harvest  in  the  dormant  season  when  leaves  are  absent  to 

reduce  the  unsightliness  of  slash.  Consider  winter  logging 
to  avoid  disturbance  of  ground  vegetation.  Stumps  in  the 
foreground  should  be  low  and  the  slash  concealed  by 
natural  features,  or  lopped  or  chipped  and  scattered.  Cut 

rather  than  girdle  or  herbicide  trees  in  cultural  treat- 
ments. In  clearcuts,  remove  all  standing  trees  that  are 

dead,  dying,  damaged,  culls,  whips,  or  saplings  (except 

for  "special  interest"  trees).  Remove  all  industrial  debris 
from  the  operation.  Keep  damage  from  equipment  and 
machinery  to  a  minimum. 

In  site  preparation,  consider  the  visual  impacts  of  the 
machinery  and  methods  used.  Skid  trails,  landings,  and 
logging  roads  should  flow  with  landforms  and  should  be 
stabilized  and  seeded  progressively  as  operations  are 
completed.  In  locating  landings,  consider  their  potential 
use  as  wildlife  openings,  hunter  parking  areas,  and 

campgrounds.  Foregrounds  are  in  effect  display  windows 
demanding  more  complete  treatment  and  attention. 

Accomplishment  of  a  workman-like  job  along  travel- 
ways,  waterways,  use  areas,  and  in  aspen  management 
operations  in  general  will  go  a  long  way  in  meeting 
landscape  objectives. 

Figure  11.-  These  aspen  clearcuts  have  been  planned  to  minimize  impact  to  the  landscape  by  following 
irregular  topographical  and  vegetation  type  boundaries,  feathering  edges,  leaving  special  interest  trees, 
and  opening  vistas. 



APPENDIX 

30  40 
AGE  (YEARS) 

Figure  12.  —  Site  index  curves  for  quaking  aspen  in  the  north-central  States  (Lundgren  and  Dolid  1 9  70). 
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Figure  13.  —  Site  index  curve?,  for  bigtooth  aspen  in  northern  Lower  Michigan  (adapted  from  Graham  et  al. 1963). 
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Figure  14.  —  Height-age  curves  for  the  tallest  and 
shortest  clones  of  bigtooth  aspen  growing  on  the 
same  site  illustrating  the  need  to  sample  more  than 
one  clone  for  site  index  determination  (Zahner  and 
Crawford  1963). 
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Table  1.  -  Estimated  site  index  for  quaking  aspen  in  the  Lake  States  based  on  soil  texture  and  moisture 
regime  (Stoeckeler  I960) 

Percent 3llt-plu£ 

>-clay 

in 
Moisture  regime 

top 

36  inches 

<10 

:  10-20  : 
21-50  : 

51-70 :  71+ 
Height  at 50  years 

,  feet 

1 

Water  table  2.5  to  8  feet 70 70 

70 70 70 

Well  drained^,  with  Improved 

water  holding  capacity' 

65 70 

75 

80 

70 

Well  drained^ 
50 60 

70 80 

70 

Poorly  aerated** 
60 60 60 50-60 50-60 

Excessively  drained^ 
40 40 55 70 70 

Calcareous  parent  material  will  increase  site  index  about 

5  feet.   Stands  exposed  to  wind  or  subject  to  rapid  surface 
drainage  (ridges,  knolls)  or  on  the  upper  half  of  30  percent 
slopes  with  SE,  S,  SW,  or  W  aspects  will  have  10  to  15  feet 
lower  site  index. 

No  strong  mottling  within  1  foot  of  surface.   Water  tables 
deeper  than  8  feet. 

Underlain  at  2  to  3  feet  with  soils  of  greater  water  holding 
capacity  (30  to  90  percent  silt  +  clay). 

Strong  mottling  within  1  foot  of  surface,  or  water  table 
closer  than  2.5  feet. 

Droughty  gravel  is  within  2  to  3  feet  of  surface  soil  and 
greater  than  3  feet  in  thickness.   Also  includes  soils  where 

rock  content  exceeds  50  percent  of  the  top  3-foot  soil  volume. 

Table  2.  -  Estimated  site  index  for  bigtooth  or  quaking  aspen '  on  well-drained  sandy  soils,  northern  Lower 
Michigan  (adapted  from  Graham  et  al.  1963) 

Soi 
1  moisture 

category 

Permeable 
subsoil, 

dry  to  5 

Depth  to 
impermeable  stratum^ 

Subsoil 

Water 
table 13  inches :19  inches 

Topography feet  in 12  inches: to :    to mottled within 

summer or  less  : 18  inches :  5  feet 5  feet 

He 
ight  at   50 

years,   fee-* 

.3 

Flat  uplands 30 30 40-50 50-60 60-70 70-80 

Brow  of  slope 30-40 30-40 30-50 
40-50 

50-60 60-70 

:  steep 30 
30 

30-40 40-50 50-60 60-70 

Upper  :  moderate ;   30-40 30-40 30-50 40-50 50-60 60-70 
slope  : 

:  gentle 30-40 30-40 30-50 40-60 
50-70 

70-80 

Lower  slope 30-40 40-50 
50 

60 70 80-90 

Base  of  slope 

Flood  plain 

30 40 50-60 60-70 

80 

90-100 

80-100 :   80 

For  quaking  aspen  reduce  site  index  by  5  feet. 
Hardpans,  clays,  and  fine  compacted  silts. 
Converging  slopes  or  draws  will  raise  site  quality  10  feet  above  table 

values.   Gravel  (not  washed  layers)  mixed  in  upper  soil  also  will  tend  to  raise 

site  index.   South-facing  slopes  will  be  lower  than  north-facing  slopes.   Where 
a  range  is  given,  the  lower  values  are  associated  with  coarse  sands  and  the 
higher  values  with  loamy  sands;  fine  sands  are  intermediate. 
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Table  3.  —  Effectiveness  of  harvesting  and  site  preparation  techniques  for  encouraging  suckering 

Harvest 

Additional 

site  preparation 

Effectiveness  for  encouraging suckers  where:   | 
Overstory contains :Understory :  Forest  floor 

option options 
available 

noncommercial :    is 
:   brushy 

:      is 
:    sodded Conifers  ; 

Hardwoods' 
Full-tree Usually  none  needed 

good 
good 

good good 

or  tree- 
length 

system 

Shortwood Felling  or  girdling 

good 

good'
 

poor 
poor 

system 
Shearing 

good 
good 

good 

good 

or Stem  herbiciding fair  to 

No  commer- 

good 

good'
 

poor 

poor 

cial Crown  herbiciding 
harvest (aerial) 

poor 

good^
 

fair 

poor 

Prescribed  burning 

good*
* 

good*
* 

good 

good 

^Includes  aspen. 

^Recommended  only  for  aspen,  paper  birch,  and  red  oak. 
'Do  not  girdle  aspen  in  poorly  stocked  stands;  fell  instead  to  Increase 

suckering. 

Effectiveness  will  be  poor  in  unharvested  stands  with  little  ground  fuel, 

i; 
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Prescribed  Burning 
At  least  10  tons  (fresh  weight)  of  slash  less  than  3 
iches  diameter  are  needed  per  acre  for  a  burn  hot 
nough  to  kill  standing  residuals.  Generally,  mature 
tands  exceeding  60  to  80  square  feet  basal  area  will 
ave  at  least  10  tons  of  slash  after  conventional 

{arvesting.  The  more  evenly  the  slash  is  distributed,  the 
lore  overstory  will  be  killed.  Stands  that  have  not  been 
arvested  normally  will  not  have  sufficient  fuel  to  burn 
ot  enough  to  kill  much  of  the  overstory.  In  these  cases 
re  will  nevertheless  reduce  understory  competition  and 
lacken  the  forest  floor  which  will  elevate  spring  soil 

nnperatures  to  encourage  suckering.  Surviving  trees  — 
specially  aspen  —  should  be  felled  to  maximize  sucker- 
'g- 
An  8-  to  12-foot  wide  fireline  should  surround  the 

urn.  Paper  birches  within  100  feet  inside  of  the  fireline 
lould  be  felled  to  avoid  burning  birch  bark  being  blown 
Litside  the  line.  After  backfiring  the  downwind  side  of 
!ie  burn,  start  headfires  just  upwind  of  the  backfire  in 
rogressive  strips  50  to  100  feet  wide.  After  a  safe  area 
is  burned  out,  a  single  headfire  can  be  lit  from  the 
pwind  side. 

Table  4  prescribes  the  burning  weather  needed  for  the 
nds  of  slash  typical  of  harvested  and  unharvested  aspen 
:ands  exceeding  60  to  80  square  feet  basal  area  will 
ilculated  by  using  the  reference  cited. 

Forecasting  Future  Operability 
To  forecast  the  future  operability  of  poorly  stocked 
ands,  estimate: 
( 1)  Site  index 

(2)  Present  age 
(3)  Present  number  of  live  stems  per  acre  over  6  inches 
11 

(4)  Number  of  stems  that  died  during  the  last  year. 

iTiese  are  easy  to  distinguish  from  stems  that  died 
irlier;  leaf  buds,  fine  twigs,  and  bark  will  be  nearly 
itact  compared  to  older  mortality.) 

Divide  the  number  of  dead  stems  by  the  total  live  and 
dead  stems  to  estimate  the  present  mortality  rate. 

Using  the  mortality  rate  and  present  age,  use  figure  15 
to  determine  a  base  number  of  stems  per  acre. 

Also,  on  figure  15  find  a  correction  factor  that 
corresponds  to  the  site  index. 

Multiply  the  base  number  by  the  correction  factor  to 
determine  the  minimum  number  of  stems  per  acre 
needed  at  present  to  assure  a  yield  of  10  cunits  per  acre 
(total  bolewood)  at  age  40. 

An  example:  a  site  70,  age  10  stand  has  2,000  live 
stems  and  400  dead.  The  mortality  rate  is 

(400/2,000  +  400)  =  0.17.  Entering  figure  15  we  find 
the  base  number  is  approximately  3,500  (interpolate 

when  necessary).  Adjusting  for  site,  3,500  x  1.5  =  5,250 
live  stems  are  presently  needed  to  yield  10  cunits  per 
acre  at  age  40.  Unless  the  mortality  rate  drops  to  about 
0.14,  2,000  stems  are  inadequate.  Therefore,  this  stand 
should  be  inspected  annually  to  determine  if  the  high 
mortality  rate  continues.  Keep  in  mind  that  mortality 

can  vary  considerably  from  year  to  year  so  a  several-year 
trend  is  needed  to  predict  the  probable  fate  of  the  stand. 

For  stands  at  age  20  or  older,  basal  area  is  a  more 
rehable  indicator  of  future  yields.  These  minimum  basal 
areas  are  needed  to  assure  10  cunits  per  acre  at  age  40: 

20 

30 

40 

Site  index 
(minimum 

basal  area 
ftVacre) 

80 
6 

19 

34 
70 8 

22 

38 

60 

12 

27 43 
50 22 38 

52 

Figure  15  should  be  consulted  also  as  described  above 
to  assess  risk  based  on  estimated  mortality  rate. 

Table  4.  —  Prescribed  burning  weather  for  aspen 

Observed  and  computed :   Continuous  slash Continuous  slash "Little  slash 

burning  variables :(<25 percent  conifer) 
:(>25 

percent  conifer) 

Fuel  Model ^ 
D I F 

Air  temperature 

>65''F >50°F 

>65''F 

Relative  humidity <35  percent <50  percent <35  percent 

Ignition  component 40-50 40-50 40-50 

Energy  release  component^ 14-17 14-17 6-8 
Spread  component 

4-7 
2-6 

2-4 

Burning  index^ 
13-21 

10-21 

3-4 
Wind 

6-12  mph 6-12  mph 6-12  mph 

Number  of  days  since  rain 
exceeding  0.1  inch 

>5 

>3 

>5 

'See  Deeming,   et  at.    (1972)    for  description  and  calculation. 
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PRESENT  AGE 

Figure  15.  —  Minimum  stocking  chart  for  aspen  to  reach  10  cimits  per 
acre  at  age  40,  based  on  age,  mortality  rate,  and  site  index. 

4 



MINIMUM  PLUS  CLONE  ADVANCEMENT 

feet 

Figure  16.  -  Management  scheme  to  increase  the  extent  of  phis  clones.  KilUng  the  minus 
trees  will  allow  the  plus  clones  to  sucker  and  extend  in  the  direction  of  the  arrows. 
The  untreated  minus  trees  are  needed  to  provide  full  sucker  stocking  outside  of  the 
minimum  effective  suckering  range  (20  feet)  of  the  plus  clones.  This  example  is  for  a 
previously  unthinned  stand,  age  50. 

19 
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Figure  17.  -  Example  of  yields  from  two  thinning  schedules.  Schedule  A  =  one  commercial  thinning,  and 
Schedule  B  =  one  precommercial  thinning  plus  one  commercial  thinning,  compared  to  no  thinning  in  site 
index  80  quaking  aspen,  (a)  Merchantable  yields  of  saw  timber,  and  (b)  merchantable  yields  of  veneer.  No 
deductions  have  been  made  for  defect. 
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Table  5.  —  Rotation  ages^  for  aspen  in  the  Lake  States 
based  on  culmination  of  mean  annual  increment 

Without Thinning 

Site   : 
Index  : 

Product                  1 
Fiber         :  _         :  Veneer 

Chips 
:   Bolt  to   :  fawtimber  .  g.^^^j^ 
:  4-inch  top2  :  ̂"^"^^  '^°P:  top Feet 

50 

60 70 

80+ 

35 

35 

35 

30 

-  -  Rotat-ton  age,  years   -  -  -  — 

NOT  VVrPMMVtmWi 

60 
55 
50 

n 
fO 
60       70 

With  ThinninR               | 

70 80 

1 
NOT  RECOMMENDED 60|  NOT  RECOMMENDED  1 

50 
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Estimating  Growth  and  Yield 

Estimating  Yield 

Yields  in  this  handbook  are  in  units  most  commonly 

used  for  each  particular  product.  Whole-tree  chips  are  in 
fresh  weight  tons.  Pulpwood  is  in  cords  to  a  4-inch  top, 
and  sawtimber  and  veneer  is  in  cunits  to  6-  and  8-inch 

tops,  respectively  (all  inside  bark).  These  units  can  be 
converted  from  one  to  the  other  (table  6). 

Stand  volumes  and  weights  can  be  estimated  using 
stand  basal  area  and  mean  stand  height  (table  7).  (Mean 

stand  height  is  the  height  of  the  tree  of  mean  basal  area, 
and  can  be  determined  from  d.b.h. /height  curves,  or  by 

summation  of  heights  weighted  by  d.b.h.^,  divided  by 
the  sum  of  d.b.h. ■^ .) 

Next,  the  yield  of  pulpwood,  sawtimber,  and  veneer 
can  be  estimated  by  multiplying  the  bole  volume  or 
weight  from  table  7  by  the  merchantable  bole  ratios  in 
table  8.  For  example,  a  stand  with  120  square  feet  basal 
area  per  acre,  mean  stand  height  of  80  feet,  and  mean 
stand  d.b.h.  of  9  inches  will  yield  39  cunits  of  bolewood, 
or  1 14  tons  fresh  weight  of  bolewood  and  bark  per  acre 
(from  table  7).  The  merchantable  bole  ratios  for 

pulpwood,  sawtimber,  and  veneer  are  0.91,  0.65,  and 
0.17,  respectively  (from  table  8).  The  merchantable 

yield  then  is  39  cunits  x  0.91  =  35  cunits  pulpwood;  39 
X  0.65  =  25  cunits  sawtimber  and  39  x  0.17  =  7  cunits 

veneer.  Fresh  weights  are  converted  similarly.  For  dirci 
conversion  to  cords  in  this  example,  the  ratio  is  1.1 

(table  8).  Therefore  the  stand  has  39  x  1.15  =  45  com 

per  acre. 

Predicting  Growth 

To   project    basal    area    10  years  in   the   future  m 

quaking  aspen  stands,  use  table  9. 

Future  mean  stand  height  can  be  predicted  by  follo\*« 

ing  site  index  curves  (fig.  12). 

w 
Using  projected  basal  area  (table  9)  and  projecte(9 

height  (fig.  12),  projected  yield  may  be  taken  from  tabln 
7.  Mean  stand  diameter  will  increase  1.8  inches  in  l(li 

years.  From  projected  yield  and  mean  stand  diameters 
projected  merchantable  yields  can  also  be  estimate(9 

using  table  8. 

itil 
"Normal"  yields  for  fully  stocked  aspen  stands  wi 

out  thinnings  are  found  in  table  10  for  quaking  aspera 
and  table  1 1  for  bigtooth  aspen  in  northern  lowerj 
Michigan.  (When  this  table  is  used  elsewhere  for  bigtoothli 
aspen,  the  growth  estimates  are  likely  to  be  lessii 
accurate.)  These  tables  help  determine  the  averagej 

growth  and  yield  expected  of  well-stocked  stands.li 
Growth  and  yield  of  individual  stands  will  be  propor-H 
tionate  to  basal  area  stocking.  \ 

Table  6. 
Conversion  factors.  Multiply  unit  measures  in  "from"  column  by  factors  in  body  of  table  to  get 

unit  measures  in  "to"  columns 

From 
To 1 :Wh 

ole-tree 

Dry 

chips   (tons 
:    Fresh 

)  :Clean  chips 
:    Dry    : 

(tons) 
Fresh 

1  Cords,' 

Cunits^ 

Whole-tree 
chips, 

(tons) 

Dry 

Fresh 

Multiply  by 

0.77 

.38 

1.00 
.51 

1.95 

1.00 
1.52 

.77 

0.85^ 

.43^ 

0 

.78^ 

.40^ 

Clean 
chips, 

(tons) 

Dry 

Fresh 

1.30 

.66 

2.61 

1.30 
1.00 
.50 1.98 1.00 

1.04' 

.53^ .82' .41^ 

Corcds 

1.17' 

2.31^^
 

.96^ 

1.89^ 

1.00 .79 Cunits 

1.28^ 

2.51' 

1.22' 2.44' 

1.27 

1 

.00 1  cunit  equals  100  cubic  feet. 
2 
Includes  wood  and  bark. 

Includes  wood  only. 

For  example,  100  dry  tons  of  wood  in  clean  chips  (without  bark),  are 

contained  in  130  tons  of  whole-tree  chips  (with  bark)  if  dry,  or  from  261  tons 
if  fresh.   This  100  tons  is  also  equivalent  to  198  tons  of  fresh  clean  chips,  104 
cords  and  82  cunits. 

22 
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Table  7.  -  Gross  bolewood  volume  without  bark 

(cunits),  bolewood  +  bark  fresh  weight  (tons),  and 
complete  tree  fresh  weight  (tons):  all  per  acre;  all 

trees  greater  than  0.6-inch  d.b.h.  (Schlaegel  1975) 

Stand  : 
basal  : 
area   : 

Mean  stand  heigh 
t,  ft 

30  : 40  : 50  : 60   : 70   : 80   : 90 
100 

ft'^/aare 
20 

2' 

3 4 5 6 7 7 8 

f' 

9 
12 14 17 

19 

21 

24 

gi
 

11 14 
17 

20 
23 25 28 

40 5 6 8 
10 

11 13 15 

16 
14 19 24 

28 
33 

38 

43 

47 

17 

23 

28 
34 

39 45 

50 

56 
60 7 

10 12 
15 17 

20 

22 

25 

21 28 

36 

43 
50 57 

64 

71 25 

34 42 50 
59 67 75 

83 

80 10 13 16 
20 23 

26 

29 

33 
28 

38 47 
57 

66 
75 85 

94 34 

45 
56 67 78 

89 

100 
111 

100 
12 16 

20 25 29 
33 

37 

41 

36 

47 
59 71 

82 

94 
106 118 42 

56 
70 

84 

98 
111 125 138 

120 — 
20 25 

30 34 

39 

44 

49 

— 
57 

71 
85 

99 
114 128 142 — 67 84 

100 116 
133 150 166 

140 — 23 
29 

34 
40 46 

51 

57 
~ 66 82 99 116 

132 148 165 — 
78 98 116 136 

155 
174 

193 
160 — — 33 

39 46 

52 59 

65 
— — 

94 
113 

132 
151 170 188 

— — 111 
133 

155 177 
199 

220 

180 
— — 37 44 

51 
59 

66 

73 
— — 106 

128 148 170 
191 212 

— - — 
125 150 174 

199 224 248 
200 — — 41 

49 
57 65 73 82 

~ — 118 
142 165 

188 

212 
236 

— — 138 166 
194 

220 248 275 
220 — — 

45 

54 

63 

72 

81 

90 
— — 

130 156 182 
208 

234 259 

— — 
152 182 

212 
242 

272 

302 240 — — 
49 

59 68 78 88 

98 
— — 

142 170 198 226 254 282 
~ — 

166 199 232 
264 

296 329 

Bolewood  volume   from  6-inch   stump   to   tip   of   tree. 
Bolewood  +  bark   fresh  weight   from  6-inch   stump    to 

tip   of    tree. 

^Complete    tree    fresh  weight,    including  branches, 
from  6-inch   stump    to    tip   of    tree. 

Note:      The   values    in  Table    7   can  be   estimated 
quite   accurately   from  stand  basal   area    (B)    and 
dominant   stand  height    (H)    by   rules   of   thumb; 

(1) 

(2) 

(3) 

4  (BxH) 
1000 bolewood  volume,  cunits  (without  bark) 

BxH 

80 
BxH 

70 

=  bolewood  +  bark  fresh  weight,  tons 

=  total  tree  fresh  weight,  tons 

Equation  (1)  will  be  2  percent  low,  equations  (2)  and 
(3)  will  be  6  and  4  percent  high,  respectively. 



Table  8.  -  Merchantable  bole  ratios  based  on  top  diameter  inside  bark  and  mean  stand  diameter  (adapted  from 
Schlaegel  1974) 

Cunit  :  cunit  or  ton  :  ton  conversions 

Product 

Top 

diameter 
inside  bark, 

inches 

Mean  stand  D.B.H. ,  inches' 

5  ; 

6  ;  7  ;  8  ;  9   ;  lo  ;  ii  ; 

12  ; 

13 !  1^  ! 

15 

Pulpwood 
Sawtiraber 
Veneer 

4     0.30 
6 
8 

0.60   0.77   0.86   0.91   0.94   0.95 
.31    .50    .65    .76    .84 

.17    .42    .58 

0.96 

.90 

.69 

0.97 

.94 

.76 

0.97 

.97 

.80 
0.98^ 

.98 .83 
Cunlt  :  peeled  cord  conversions 

Pulpwood 4 
.38 

.76    .97   1.09   1.15   1.19   1.20 

1.22 
1.23 1.23 1.24 

stand  d.b.h.,  inchf 

■  of  trees  per  acre square 

feet 

per  acre 

,  and 

^Mean 

N  is  numbei 

js  =  1  183  B  ,  where  B  is  stand  basal  area, 

V  N 

Table  9.  —  Ten-year  projected  basal  area  per  acre  by 
present  age  and  basal  area  for  quaking  aspen  stands 

with  a  site  index  70  and  better^  (adapted  from 
Schlaegel  1971) 

Present 
stand 
age 

Present  basal  area  per acre 

:20 :  40  : 60  :   80  : 100 120 140 
Years - -  -  - -  -  Square  feet  - ■  -  -  - -  -  - 

20 
44 

71 92   112 
130 

147 
163 30 36 61 83   103 

122 
140 157 

40 
32 56 

78    98 
117 

135 
153 

50 30 
53 75    95 

114 
133 151 

Includes  all  trees  0.6  inch  d.b.h.  and 

larger.   Do  not  use  for  bigtooth  aspen. 
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Table  10.  —  Normal  yield  tables  for  quaking  aspen;  all  trees  0.6-inch  d.b.h.  and  larger  (adapted  from 
Brown  and  Gevorkiantz  1934;  Schlaegel  1974,  1975) 

SITE INDEX 80 

Age 
Dominant 
height [  Mean 

•   dbh : Number 
: trees  p 

acre 

of:  Basal 
er:   area 

:per  acre 

:   Gross 

yield 

per  acre 
1 

: Complete 
;:   tree 

: 4-inch 

:  top^ 

:  6-inch: 8-inch 

:  top^  :  top^ Years Feet Inches 
Sq.   Ft. 

Tons 

Cords  '■ 

-  Cunits'-   - 
fresh  wt. 

20 44 3.3 1490 88 53 

__ 

^_ 

__ 

30 59 4.8 880 110 

89 

7 — — 
AO 71 6.3 600 129 125 31 5 — 

50 
80 8.1 400 143 160 

52 

25 

— 
60 

88 
10.3 

265 
153 191 67 44 26 

70 94 12.6 185 161 212 77 

58 

46 

SITE INDEX 70 
20 

38 

2.9 
1800 

83 
46 — — — 

30 52 4.2 1065 
102 

76 
— — — 

40 62 5.4 760 120 105 17 — — 

50 70 7.0 495 
133 138 

39 12 — 

60 77 9.0 330 144 163 55 

31 

8 
70 

82 
10.9 235 151 

184 

65 45 

31 

SITE INDEX 60 
20 33 2.5 2300 76 

37 

— — — 

30 44 3.5 1400 
94 

62 — — — 

40 53 
4.5 980 110 

86 

2 — — 

50 60 
5.9 645 

122 107 

23 

— — 

60 66 7.6 422 133 130 40 

16 

— 

70 70 9.3 295 139 145 

49 

29 

10 SITE INDEX 
50 

20 
28 1.9 3200 60 25 — — — 

30 
37 2.7 1910 75 40 — — — 

40 44 3.5 1300 88 56 — — — 

50 
50 

4.6 856 
98 

75 3 — — 

60 55 5.8 580 105 88 

18 

— — 

70 58 7.1 400 109 95 

27 

9 ~ 

SITE INDEX 40 
20 22 1.3 4100 

38 12 

— — — 

30 
29 1.9 2420 46 

20 
— — — 

40 35 2.4 1660 54 

29 
— — — 

50 40 
3.2 1110 

60 
37 — ~ ~ 

Top  diameters  are  inside  bark. 
Cords  and  cunits  are  without  bark. 

O^ 



Table  11.-  Normal  yield  tables  for  bigtooth  aspen  in  northern  Lower  Michigan;  all  trees  0.6-inch  d.b.h. 
and  larger  (adapted  from  Graham  et  al.  1963) 

SITE   INDEX  80 

Age 
Dominant 
height 

Mean 

•   dbh Number  of: Stand  basal: 

•trees  per:   area     : 

Gross 
yield  per  acre 

Complete 
: 4-inch 

1 

6-inch: 

1 

8-inch 

1 
:   acre :  per  acre 

tree 

:  top 

top   : 

top 

Years Feet Inches Square  fee t 
Tons 

Cords  '■ 

-  Cunits'-  -     1 

fresh  wt. 

30 
71 7.4 460 139 133 

40 

15 

40 
77 

8.8 360 

152 

159 
53 

29 

5 
50 80 9.8 268 

140 
151 

53 33 

17 
60 

81 
10.5 

209 
126 

137 
49 33 

21 

SITE  INDEX 70 
30 

62 
6.6 460 

110 

92 

25 

— — 
40 67 

8.0 360 
127 116 37 17 — 

50 70 8.8 295 
123 

118 

39 

21 

4 
60 71 9.2 240 

112 108 
37 

21 

7 
SITE  INDEX 

60 30 
53 5.9 466 

90 

65 

14 

— — 

40 58 7.3 
366 107 

84 

25 

9 — 

50 60 8.0 313 
108 

88 28 13 — 

60 
61 

8.2 273 101 

84 

27 13 — 

SITE  INDEX 

50 30 
45 5.1 495 70 

43 

5 — — 

40 48 6.6 380 

89 

59 15 — — 

50 
50 7.1 330 

90 

63 

18 

6 — 

60 51 7.3 
295 86 61 

18 

7 — 

SITE  INDEX 

40 

30 
36 

4.0 540 48 24 — — — 
40 39 5.7 407 71 39 7 — — 

50 
40 6.2 357 76 

41 

10 

— — 

60 
41 

6.2 313 
65 

37 

9 — — 

Top  diameters  are  inside  bark. 
Cords  and  cunits  are  without  bark. 
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Metric  Conversion  Factors 

convert 
to                           hfu' 

tii'ly  hj 

es Hectares 

O.hQ") 
rd  feet' Cubic  meters 0.005 

rd  feec/acre' Cubic  raeters/hectare 0.012 
ins Meters 20.117 

ds' 
Cubic  meters 2.605 

ds/acre' 
Cubic  meters/hectare 6.437 

ic  feet Cubic  meters 0.028 

Ic  feet/acre Cubic  meters/hectare 0.070 
rees  Fahrenheit Degrees  Celsius 

2 

t Meters 0.305 

Ions Liters 3.785 
Ions/acre Liters/hectare 9.353 

hes Centimeters 2.540 
es Kilometers 1.609 

es/hour Meters/second Q.i^l^l 
ber/acre Number /hectare 2.A71 
ces Crams 28.350 

ces/acre Grams/hectare 70.053 
nds Kilograms 0.454 

nds/acre Kilograms /hectare 1.121 

nds/gallon Kilograms/liter 0.120 
are  feet Square  meters 

0.093 

are  feet/acre Square  meters/hectare 0.230 
8 Metric  tons 0.907 
s/acre Metric  tons/hectare 2.242 

'The  conversion of  board  feet  and  cords  to  cubic 

ers  can  only  be  approximate;  the  factors  are  based 
an  assumed  5.663 board  feet  (log  scale)  per  cubic 
t  and  a  cord  with 92  cubic  feet  of  soUd  material. 

^To  convert  °F to  °C,  use  the  formula  5/9  ( 

'F-32) 

"F-32. 
1.8 

1 

Common  and  Scientific 

Names  of  Plants  and  Animals 

Plants 

Aspen: 
Bigtooth      Populus  grandidentata 
Quaking     Populus  tremuloides 

Balsam  fir      Abies  balsamea 

Heart  rot     Phellinus  igniarius 
Hypoxylon  canker   Hypoxylon  mammatum 
Maple: 

Red   Acer  mbpum 

Sugar   Acer  saacharum 
Northern  white-cedar      ....    Thuja  oooidentalis 
Paper  birch   Betula  papyrifera Pine: 

Jack      Pinus  banksiana 
Red     Pinus  resinosa 
White     Pinus  stvobus 

Shepherd's  crook      Venturia   tpemulae 
White  spruce      Picea  glauca 

Animals 

Bald  eagle      Haliaeetus   leucocephalus 
Beaver      Castor  canadensis 
Black  bear   Ursus  americanus 
Borers: 

Poplar      Saperda  oalcarata 
Miscellaneous     Saperda   spp.,  Agrilus   spp., 

Oberea   spp. 

Eastern  timber  wolf     Canis   lupus 
Forest  tent  caterpillar  .  .  .  Malacasoma  disstria 
Great  horned  owl   Bubo  virginianus 
Large  aspen  tortrix     Choristoneura  confliotana 
Osprey      Pandion  haliaetus  carolinensis 
Ruffed  grouse     Bonasa  umbellus 
Snowshoe  hare     Lepus  americanus 
White-tailed  deer     Odoaoileus  virginianus 

11 



PESTICIDE  PRECAUTIONARY  STATEMENT 

Pesticides  used  improperly  can  be  injurious  to  man,  animals,  and  plants.  Follow  the 
directions  and  heed  all  precautions  on  the  labels. 

Store  pesticides  in  original  containers  under  lock  and  key  —  out  of  the  reach  of  children 
and  animals  —  and  away  from  food  and  feed. 

Apply  pesticides  so  that  they  do  not  endanger  humans,  livestock,  crops,  beneficial 
insects,  fish,  and  wildlife.  Do  not  apply  pesticides  when  there  is  danger  of  drift,  when 
honey  bees  or  other  pollinating  insects  are  visiting  plants,  or  in  ways  that  may 
contaminate  water  or  leave  illegal  residues. 

Avoid  prolonged  inhalation  of  pesticide  sprays  or  dusts;  wear  protective  clothing  and 
equipment  if  specified  on  the  container. 

If  your  hands  become  contaminated  with  a  pesticide,  do  not  eat  or  drink  until  you  have 
washed.  In  case  a  pesticide  is  swallowed  or  gets  in  the  eyes,  follow  the  first-aid  treatment 
given  on  the  label,  and  get  prompt  medical  attention.  If  a  pesticide  is  spilled  on  your  skin 
or  clotliing,  remove  clothing  immediately  and  wash  skin  thoroughly. 

Do  not  clean  spray  equipment  or  dump  excess  spray  material  near  ponds,  streams,  or 
wells.  Because  it  is  difficult  to  remove  all  traces  of  herbicides  from  equipment,  do  not  use 
the  same  equipment  for  insecticides  or  fungicides  that  you  use  for  herbicides. 

Dispose  of  empty  pesticide  containers  promptly.  Have  them  buried  at  a  sanitary 
land-fill  dump,  or  crush  and  bury  them  in  a  level,  isolated  place. 

Note:  Some  States  have  restrictions  on  the  use  of  certain  pesticides.  Check  your  State  and 
local  regulations.  Also,  because  registrations  of  pesticides  are  under  constant  review  by 
the  Federal  Environmental  Protection  Agency,  consult  your  county  agricultural  agent  or 
State  extension  specialist  to  be  sure  the  intended  use  is  still  registered. 

'■  -  i:  I    1  !  .     I  •  I  ; 
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FOREWORD 

This  is  one  of  a  series  of  manager's  handbooks  for  important  forest 
types  in  the  north  central  States.  The  purpose  of  this  series  is  to  present 
the  resource  manager  with  the  latest  and  best  information  available  on 
handling  these  types.  Timber  production  is  dealt  with  more  than  other 
forest  values  because  it  is  usually  a  major  management  objective  and 

more  is  generally  known  about  it.  However,  ways  to  modify  manage- 
ment practices  to  maintain  or  enhance  other  values  are  included  where 

sound  information  is  available. 

The  author  has,  in  certain  instances,  drawn  freely  on  unpublished 
information  provided  by  scientists  and  managers  outside  his  specialty. 
He  is  also  grateful  to  the  several  technical  reviewers  in  the  region  who 
made  many  helpful  comments. 

The  handbooks  have  a  simUar  format,  highliglited  by  a  "Key  to 
Recommendations".  Here  the  manager  can  find  in  logical  sequence  the 
management  practices  recommended  for  various  stand  conditions. 
These  practices  are  based  on  research,  experience,  and  a  general  silvical 
knowledge  of  the  predominant  tree  species. 

All  stand  conditions,  of  course,  cannot  be  included  in  the  handbook. 

Therefore,  the  manager  must  use  technical  skill  and  sound  judgment  in 
selecting  the  appropriate  practice  to  achieve  the  desired  objective.  The 
manager  should  also  apply  new  research  findings  as  they  become 
available  so  that  the  culture  of  these  important  forest  types  can  be 
continually  improved. 
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OAKS 
IN  THE  NORTH  CENTRAL  STATES 

Ivan  L.  Sander,  Principal  Silviculturist 
Columbia,  Missouri 

INTRODUCTION 

is  handbook  applies   to   the   broad  upland  forest 

liation   commonly    called   oak -hickory.   The   oaks, 
K,  white,  northern  red,  scarlet,  chestnut,  post,  and 
fjack   predominate,   and   occur  in   widely   varying 
ftires  with  each  other  and  with  many  other  species 

^Appendix  V,  table  21,  for  scientific  names  of  plants 
iinimals).  Hickories  are  consistently  present  in  this 

liation  but  are  not  generally  abundant.  The  repro- 
on   requirements  for  hickory   are   essentially   the 

as   those    for    oak,    and  although  hickories  are 

ently  slower  growers  than  oaks,  they  require  about 

ame  growing  space  for  good  diameter  and  volume 

growth.  Because  oaks  are  by  far  most  abundant,  this 

guide  is  written  in  terms  of  oaks  rather  than  oak- hickory. 

The  handbook  was  prepared  to  apply  specifically  to 
the  north  central  States  of  Illinois,  Indiana,  Iowa, 
Michigan,  Minnesota,  Missouri,  and  Wisconsin.  However, 

the  oaks  or  oak-hickory  type  occurs  extensively  over  the 
eastern  United  States,  and  the  principles  on  which  the 
handbook  is  based  generally  apply  wherever  oak  stands 
grow.  Outside  the  north  central  States,  however,  the 
recommendations  may  need  to  be  modified,  so  they 

should  be  applied  with  caution. 

SILVICAL  HIGHLIGHTS 

la  are  found  over  a  wide  range  of  soil  and 
i  graphic  conditions,  from  sandy,  rocky  soils  to  heavy 
iioils,  and  from  dry  upper  slopes  and  ridges  to  moist 

slopes  and  coves.  Best  growth  occurs  on  moist 
Jlrained  soils  in   coves  and  on  middle  and  lower 

s  grow  in  association  with  many  other  tree  and 

species.  Among  their  most  important  tree  associ- 
ilire  the  hickories,  blackgum,  red  and  sugar  maples, 

sjy-poplar,  white  ash,  black  cherry,  basswood,  and 
walnut.    Common    understory    tree    and    shrub 

)|ates  include  flowering  dogwood,  sassafras,  eastern 
ornbeam,  American  hornbeam,  blueberry,  hazelnut, 
itchhazel. 

s  start  to  bear  fruit  at  about  age  25.  Good  seed 
flare  produced  at  intervals  of  2  to  10  years;  there 

may  be  complete  failures  some  years.  Acorn  numbers 
vary  widely  by  years  and  by  trees  within  the  same  stand. 

Acorns  of  species  in  the  white  oak  group  germinate 
soon  after  falling;  those  of  species  in  the  red  oak  group 

germinate  the  spring  after  seedfall.  Best  germination 
occurs  in  mineral  soil  under  a  light  covering  of  leaves. 

To  successfully  produce  new  oak  stands  after  harvest 

cuttings,  relatively  large  oak  stems  (advance  reproduc- 
tion) must  be  present  before  the  old  stand  is  harvested. 

These  stems  will  generally  be  sprouts  that  typically  have 
died  back  to  the  ground  and  resprouted  several  times. 
So,  the  stem  is  usually  many  years  younger  than  the  root 
system.  When  such  stems  are  cut  off  or  damaged  during 
harvest,  a  new  sprout  appears  that  wUl  grow  rapidly  in 
full  sunlight.  These  new  sprouts  are  the  most  desirable 



type  of  oak  reproduction  in  stands  that  develop  after 
clearcutting  or  the  final  removal  cut  in  shelterwood 
cuttings. 

The  frequency  of  sprouting  from  stumps  varies  some- 
what among  oaks.  Black  and  white  oaks  generally  sprout 

less  frequently  than  northern  red,  scarlet,  or  chestnut 
oaks;  small  stumps  sprout  more  frequently  than  large 
ones.  Sprouts  that  originate  at  or  below  ground  level  and 
from  small  stumps  are  less  likely  to  develop  heartwood 
decay. 

The  juvenile   height   growth   of  new  oak  sprouts  is 

related  to  the  size  of  the  old  stem  from  which  th 

originate.  Sprouts  from  large  stems  grow  faster  th 
sprouts  from  small  stems.  Oaks  respond  well  to  rele; 
unless  they  are  overtopped  or  have  grown  in  dei 

stands  for  long  periods  of  time.  Sapling  and  pole-s 
trees  that  are  dominant  or  codominant  respond  best  ai 

grow  rapidly  when  given  enough  space. 

Epicormic  sprouting  may  be  heavy  on  oaks  that  hi. 
grown  in  fully  stocked  stands  for  20  years  or  more  a 
then  given  sudden  and  heavy  release.  Dominant  a. 
codominant  trees  are  less  likely  to  produce  as  ma 

epicormic  sprouts  as  intermediate  or  suppressed  trees 

MANAGEMENT  OBJECTIVES  AND  NEEDS 

Growing  full  yields  of  the  highest  value  products  the 
site  can  produce  in  a  relatively  short  time  is  the 
management  objective  considered  in  this  handbook. 
Most  of  the  product  volume  will  be  in  high  quality 
sawtimber  and  some  veneer  quality  trees,  but  pulpwood 
and  other  small  roundwood  products  will  be  harvested 

from  thinnings  or  as  the  final  crop,  especially  on  poor 
sites.  Where  the  objective  is  to  manage  for  a  resource 
other  than  timber,  or  for  any  combinations  of  timber, 

water,  wildlife,  recreation,  and  range,  the  recommenda- 
tions in  this  handbook  should  be  modified  as  needed. 

To  achieve  the  objective  of  producing  high  quail 

sawtimber  and  veneer  trees,  even-aged  silviculture  a 

management  are  recommended.  Prompt  regeneration 

needed  and  our  present  knowledge  suggests  that  thiu 

best  attained  through  clearcutting  or  some  formi 

shelterwood.  But  silvicultural  knowledge  for  intenii! 

management  is  not  complete.  Techniques  need  to  ̂ 

further  developed  to  ensure  adequate  regeneration,  ii 

yield  tables  for  managed  stands  need  much  refinemJ 

KEY  TO  RECOMMENDATIONS 

The  following  key  describes  some  of  the  management 
options  and  silvicultural  alternatives  that  will  lead  to 

efficient  timber  production.  Every  possible  situation 
cannot  be  presented  in  detail,  so  the  sUviculturist  must 
choose  the  alternative  that  best  fits  the  situation.  The 

key  does  not  consider  uses  other  than  timber.  However, 
where  necessary,  the  silvicultural  recommendations  can 
be  modified  according  to  the  information  in  the  section 
on  other  resource  considerations. 

Starting  with  the  first  pair  of  numbered  statements, 

1 

select  the  statement  that  better  describes  the  stanc 

question.  Each  statement  will  give  either  a  nunibe 
partial  recommendation  and  a  number,  or  a  f! 
recommendation.  If  a  number  is  given,  repeat 

selection  process  until  a  final  recommendationi 
reached.  The  overall  recommendation  is  the  sum  of  i 

partial  recommendations  arrived  at  while  going  thrc 
the  key.  Turn  to  the  page  and  letter  references  in  I 

"Timber  Management  Considerations"  section  for  n  ( 
detail  on  management  options  and  silvicultural  ti 
ments. 

Oak  site  index  75  or  greater 
Oak  site  index  less  than  75 

2.     Stand  in  "Driftless  Area"  of  Wisconsin,  Minnesota,  and  northeastern  Iowa,  or  northern  Lower 
Michigan  (See  p.  4,  A)   

2.     Stand  not  in  above  areas   

3.     Stand  mature  (more  than  50  percent  of  basal  area  in  trees  that  have  reached  the  desired  size 
for  the  site)   CONVERTTO  OTHER  HARDWOOD: 

3.     Stand  immature  (less  than  SO  percent  of  basal  area  in  trees  that  have  reached  the  desired  size  for  the  site)       

■  t 



Seed  source  or  advance  reproduction  of  other  desirable  hardwoods  present   REMOVE  OAK  OVERSTORY 
USING  SHELTERWOOD  CUT,  or  CLEARCUT  (See  p.  1 0,  R) 

4.     Seed  source  or  advance  reproduction  of  other  desirable  hardwoods  absent       HARVEST  AND  INTERPLANT 
WHITE  ASH,  SUGAR  MAPLE,  OR  OTHER  SUITABLE  SPECIES  (See  p.  10,  R) 

Stand  basal  area  two-thirds  or  more  in  oak   MANAGE  FOR  OAK  OR  MIXED  OAK  -  OTHER  HARDWOODS 
(See  p.  9,  P) 

Stand  basal  area  one-third  or  less  in  oak       MANAGE  OTHER  DESIRABLE  HARDWOODS  (See  p.  9,  P) 

6.     Stand  in  southern  Illinois,  southern  Indiana,  or  southern  Lower  Michigan   (See  p.  4,  A)  .  .     7 
6.     Stand  in  Ozarks  region  of  Missouri   MANAGE  FOR  OAKS  (See  p.  4,  A)  .  .   12 

Stand  mature  (more  than  50  percent  of  basal  area  in  trees  that  have  reached  the  desired  size  for  the  site)   CON  VERT  TO 

OTHER  HARDWOODS  OR  MIXED  OAK  -  OTHER  HARDWOODS  (See  p.  10,  S) 
Stand  immature  (less  than  50  percent  of  basal  area  in  trees  that  have  reached  the  desired  size  for  the  site)           8 

8.     Stand  basal  area  50  percent  or  more  in  oaks   MANAGE  FOR  OAK  OR  MIXED  OAK  -  OTHER 
HARDWOODS  (See  p.  9,  P) 

8.     Stand  basal  area  less  than  50  percent  in  oaks        MANAGE  FOR  MIXED  OAK  -  OTHER  HARDWOODS  OR 
OTHER  HARDWOODS  (See  p.  9,  P) 

Oak  site  index  65  through  74   10 
Oak  site  index  less  than  65   II 

10.  Stand  in  southern  Illinois,  southern  Indiana,  "Driftless  Area"  of  Mimiesota,  Wisconsin,  and  Iowa,  or  Lower 
Michigan   MANAGE  FOR  OAK  OR  MIXED  OAK-OTHER  HARDWOODS  (See  p.  4,  B;  p.  9,  P)  .  .   12 

lellO.  Stand  in  Ozarks  region  of  Missouri  or  elsewhere   MANAGE  FOR  OAKS  (See  p.  4,  B)   .  .   12 

101  Oak  site  index  55  through  64   MANAGE  FOR  OAK  OR  MIXED  OAK-PINE  (See  p.  4,  B;  p.  10,  Q)  .  .   12 
3ak  site  index  less  than  55   CONVERT  TO  PINE  or  DO  NOT  MANAGE  (See  p.  5,  C;  p.  10,  T) 

12.  Stand  mature  (more  than  50  percent  of  basal  area  in  trees  that  have  reached  the  desired  size  for  the  site)  (See  p.  6,  D)  ....   13 
12.  Stand  immature  (less  than  50  percent  of  basal  area  in  trees  that  have  reached  the  desired  size  for  the  site)  (See  p.  7,  H)     ...   14 

Dak  advance  reproduction  adequate       HARVEST  (See  p.  6,  E) 
5ak  advance  reproduction  inadequate       ESTABLISH  AND  DEVELOP  OAK  ADVANCE  REPRODUCTION  (See  p.  6,  F) 

14.  More  than  50  percent  of  stand  basal  area  in  one  size  class   15 
[4.  No  single  size  class  contains  more  than  50  percent  of  stand  basal  area  (See  p.  9,  K)   19 

kiore  than  50  percent  of  stand  basal  area  in  saplings  or  pole  size  trees  (See  p.  9, 1)  .  .   .  REDUCE  STOCKING  TO  NOT  LESS  THAN 
60  PERCENT;  THIN  AT  10- YEAR  INTERVALS 

ikiore  than  50  percent  of  stand  basal  area  in  sawtimber  size  trees  (See  p.  9,  J)       16 

16.  Stand  fully  stocked  (total  stocking  60  percent  or  higher)       17 
.6.  Stand  understocked  (total  stocking  less  than  60  percent)  or  of  poor  quality        REHABILITATE  or 

REGENERATE  (See  p.  9,  0) 

lore  than  half  of  trees  at  least  80  percent  of  desired  rotation  diameter  (See  p.  9,  L)       18 
lore  than  half  of  trees  less  than  80  percent  of  desired  rotation  diameter       THIN  or  WAIT  (See  p.  9,  N) 

8.  Stocking  80  percent  or  more   THIN  LIGHTLY  TO  ENHANCE  OAK  ADVANCE  REPRODUCTION  (See  p.  9,  L) 
8.  Stocking  60  through  79  percent   WAIT  (See  p.  9,  M) 

j",|„|lore  than  50  percent  of  basal  area  in  saplings  and  poles   COMBINE  SAPLINGS/POLES  INTO  ONE  CLASS  (See  p.  9,  K) '        1   »i   en   X  _i- 1   1   •      -_i   J   i-_-i    /-i/^nDiMc  oni  cc  ;c  A  u;ti\/Idcd  TM-Tr\  r^MC  r^T  A  cc  /Coo  „    o    v\ 
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lore  than  50  percent  of  basal  area  in  poles  and  sawtimber  .  .  .  .  COMBINE  POLES/SAWTIMBER  INTO  ONE  CLASS  (See  p.  9,  K) 

TIMBER  MANAGEMENT  CONSIDERATIONS 

Stand  Size  ^°''  ̂ ^^""^  ̂ '^^^  ̂ "*^  ̂ ^^''^  ̂ ^^  silvlcultural  reasons  to  limit 
the   minimum   size.  When  an  old  stand  is  completely 

kinumber    of    factors    must    be    considered    when  removed,   the   new  stand  develops  in  the  opening.  In 

iPping  the  size  of  a  stand  and  delineating  its  bounda-  every  opening  there  is  a  zone  around  the  edge  in  which 
ilhere  is  no  silvlcultural  reason  to  set  an  upper  limit  growth  of  the  new  stand  is  retarded  by  the  surrounding 



stands.  For  best  development  of  the  new  reproduction 
the  proportion  of  the  stand  area  in  this  zone  should  be 
kept  as  low  as  possible.  As  stand  size  is  reduced  below 
about  2  acres  the  percent  of  area  in  this  zone  increases 
rapidly.  Thus,  for  silvicultural  reasons  the  minimum 
stand  size  should  be  2  acres  (for  metric  equivalents,  see 
p.  33,  Appendix  V). 

Silvicultural  prescriptions  are  easier  when  a  stand  is 
relatively  uniform  and  occupies  relatively  uniform  site 
conditions.  The  stand  should  be  large  enough  so  it  can 
be  readily  mapped  and  entered  into  records,  and  so  it 

can  be  accurately  located  for  future  silvicultural  opera- 
tions. Stand  size  can  be  smaller  for  small  forest 

properties  than  for  larger  properties  because  on  small 
properties  small  stands  are  easier  to  keep  track  of. 

Site  Quality 

For  the  purpose  of  this  handbook  three  broad  site 
classes  have  been  recognized.  Good  sites  are  those  with  a 
site  index  for  oak  of  75  or  more,  average  sites  have  an 
oak  site  index  of  55  to  74,  and  the  oak  site  index  for 

poor  sites  is  40  to  54. 

In  determining  site  index,  local  site  index  curves 
should  be  used  if  available.  In  areas  where  local  curves 

are  not  available,  regional  curves  or  tables  can  be  used 

(see  Appendix  I,  tables  4  and  5,  figs.  1-6).  Site  index 
should  be  estimated  directly  from  height-age  measure- 

ments if  suitable  trees  are  present.  Trees  selected  should 

be  single-stemmed,  dominant  or  codominant,  and  show 
no  signs  of  past  suppression. 

If  suitable  trees  for  direct  estimation  of  site  index  are 

not  available,  site  index  may  be  estimated  from  soil  and 

topographic  features  in  areas  where  soil-site  relations 
have  been  studied  and  correlations  made  (Appendix  I, 

tables  6-10). 

Site-Species  Relations 

Oaks  occur  in  varying  mixtures  over  the  entire  range  of 
upland  sites  in  the  north  central  States.  Other  hardwood 
species  may  occur  in  mixture  with  the  oaks,  especially 
on  the  good  sites,  and  on  average  to  poor  sites  pines  may 
be  present.  The  preferred  species  for  timber  production 
are  Usted  in  table  1. 

A.  On  good  sites  (oak  site  index  75+),  the  opportuni- 
ties to  manage  for  oak  will  vary  according  to  geographic 

location.  It  will  often  be  difficult  and  probably  imprac- 
tical to  perpetuate  essentially  pure  oak  stands  in  many 

areas  on  these  sites. 

In  the  "Driftless  Area"'   of  southwestern  Wiscons 
southeastern  Minnesota,  and  northeastern  Iowa  and 

northwestern  Lower  Michigan,  existing  northern  red  c ; 
stands  and  the  northern  red  oak-white  oak  mixture 

ecologically  unstable.  The  trend  is  toward  species  otl 
than  oaks.  Sugar  maple,  American  elm,  American  b; 
wood,   white    ash,   and  black  cherry   usually   beco  i 
established  under  present  oak  stands,  while  oak  advai 
reproduction   is  scarce   to  nonexistent.  In  these  ar 

managing  for  oaks  beyond  the  life  of  presently  exist 
stands  may  not  be  practical.  Establishing  adequate  (i{ 

advance   reproduction   will  be  extremely  difficult  '<• 
costly   because   of  the  severe  competition  from  oti 
species.  Future  stands  will  contain  some  northern 
and  white  oaks  of  stump  sprout  origin,  but  the  event 
domination    of  these   sites  by   more   mesic  species  i 
inevitable.  Consider  managing  succeeding  stands  as  n 
tures  of  oaks  and  other  hardwoods  (see  P,  p.  9),  oi 

converting  these  sites  to  other  hardwoods  (see  R,  p.  1 

In  southern  Illinois,  southern  Indiana,  and  in  parts 

Lower  Michigan,  yellow-poplar  and  other  intoler 
species  will  increase  as  the  present  oak  stands 
harvested.  Future  stands  will  probably  always  cont 

some  oaks;  the  proportion  will  depend  on  the  amoi 
and  size  of  the  oak  advance  reproduction  present  wl 
the  harvest  cut  is  made.  These  stands  should  be  mana; 

as  mixtures.  It  may  be  possible  to  manage  for  essenti; 

pure  yellow-poplar  on  these  sites,  but  weedings  by  ; 
10  will  probably  be  necessary. 

In   the  Ozarks  region  of  Missouri,  desirable  noE 
timber  species  are  limited  and  oaks  will  continue 
the  species  to  manage  for  on  good  sites.  Even  so,  sf 

measures  may  be  necessary  to  ensure  establishment  ii5 
development  of  adequate  oak  advance  reproduction. 

B.  The  average  sites  (site  index  55  to  74)  arei| 
suited  to  oak  management,  and  the  perpetuation  of  oi 
anywhere  in  the  region  should  not  be  too  diffil 
except  for  sites  near  the  upper  limit  of  the  class.  As\l 

site  index  increases  from  about  65  to  74,  yellow-po^i 
and  other  intolerant  or  more  mesic  species  will  incrft 
in  southern  Illinois  and  Indiana.  In  the  Driftless  / 1 

and  in  Lower  Michigan  species  such  as  American  ei 

sugar  maple,  white  ash,  and  American  basswood  I 

increase  where  adequate  seed  sources  exist  becau«i(' 
their  ability  to  become  established  and  persist  in  d 
understory.  Oaks  will  probably  be  present  in  the  sW 
that  follow  harvest  cutting  because  of  their  abilitjii 

sprout.  In  these  situations  consider  managing  mixt)' 
of  oaks  and  other  hardwoods. 

The  hilly,  unglaciatcd  portions  of  these  States. 



Table  1 .  -  Preferred  species  for  management  by  region  and  site  index 

I 

Region 

Site 

index  class 
Preferred 

oaks 

Missouri  Ozarks 

Feet 

75+ 

Preferred 
associated  species 

N.  Red  Oak 
Black  Oak 
White  Oak 

Black  Walnut 
Hickories 

55-7A Black  Oak 
White  Oak 
N.  Red  Oak 
Scarlet  Oak 

Black  Walnut 
Hickories 
Shortleaf  Pine 

40-54 Scarlet  Oak 
Black  Oak 
White  Oak 
N,  Red  Oak 

Hickories 
Shortleaf  Pine 

Southeastern  Minnesota, 
southern  Wisconsin, 
northeastern  Iowa 

75+ 

N.  Red  Oak 
White  Oak 

White  Ash 

Sugar  Maple 
American  Basswood 
Butternut 
Black  Walnut 

55-74 

* 

N.  Red  Oak 
Black  Oak 
Wliite  Oak 

White  Ash 

Sugar  Maple 
Black  Walnut 
American  Basswood 
White  Pine 
Red  Pine 

40-54 Black  Oak 
White  Oak 
Bur  Oak 

Hickories 

Red  Pine 

Lower  Michigan 
75+ 

N.  Red  Oak 
White  Oak 

American  Basswood 
Black  Cherry 

White  Ash 
Sugar  Maple 
Black  Walnut 
Yellow  Poplar   

55-74 N.  Red  Oak 
Black  Oak 
White  Oak 

White  Ash 
American  Basswood 

Sugar  Maple 
Hickories 

40-54 Black  Oak 
White  Oak 
N.  Pin  Oak 

Aspen 
Jack  Pine 
Red  Pine 
Red  Maple 

Southern  Illinois, 
southern  Indiana 

75+ 

N.  Red  Oak 
Black  Oak 
White  Oak 

Yellow  Poplar 
White  Ash 
Black  Walnut 

55-74 N.  Red  Oak 
Black  Oak 
White  Oak 
Chestnut  Oak 

Yellow  Poplar 
White  Ash 
Black  Walnut 
Hickories 

40-54 Black  Oak 
Chestnut  Oak 
Scarlet  Oak 
White  Oak 

Hickories 

lagement  for  essentially  pure  oak  on  these  sites 

1  be  feasible  anywhere  in  the  region,  except  as 

above.  However,  special  measures  may  be  neces- 

0  ensure  establishment  and  development  of  ade- 
oak  advance  reproduction. 

In  the  Ozarks  and  in  Lower  Michigan,  mixtures  of  pine 

and  oak  are  sometimes  present  on  these  sites.  It  should 
be  feasible  to  manage  these  stands  as  mixtures. 

C.  The  poor  sites  (site  index  40  to  54)  are  almost 
exclusively  occupied  by  oaks.  Stands  are  often  of  poor 



quality,  and  dominated  by  the  less  desirable  oaks  such  as 
post  and  blackjack  oak  in  Missouri,  and  bur  oak  in 
southern  Minnesota  and  Wisconsin.  Mixtures  of  pine  and 
oak  also  occur  on  these  sites  in  Missouri  and  Lower 

Michigan. 

These  poor  sites  should  probably  be  managed  for 
pulpwood  or  other  small  products  if  markets  exist.  The 
best  management  for  oak  stands  on  the  poorest  sites 

may  be  no  management.  When  they  provide  a  com- 
mercial harvest,  they  should  be  harvested,  but  cultural 

work  should  be  limited  to  that  necessary  to  provide  for 

adequate  regeneration.  Thinnings  may  be  feasible  in 
stands  on  sites  in  the  upper  part  of  the  range.  However, 
trees  should  be  of  merchantable  size  and  the  thinning 

operation  should  pay  for  itself. 

Conversion  of  these  sites  to  pine  or  managing  them  for 

pine-oak  mixtures  is  often  feasible,  and  should  be  done 

if  the  cost  of  conversion  is  not  prohibitive  (see  "Conver- 

sion To  Other  Species",  p.  10). 

Rotation  Length 

D.  Oaks  are  relatively  long-lived  trees  and  rotation  can 
be  long.  In  unthinned  stands,  individual  tree  growth  is 
slow  and  dominant  trees  on  site  55,  at  age  80,  will 
average  about  12  inches  in  diameter,  while  those  on  site 
75  at  age  80  will  average  about  18  inches  in  diameter. 

Rotation  lengths  can  be  shortened  if  stands  are 
thinned  early  and  regularly.  The  rotation  lengths  and 
tree  sizes  recommended  in  table  2  assume  thinnings  will 
be  started  early  and  continued  on  a  regular  cycle  over 
the  rotation. 

Table  2.  —  Recommended  rotation  lengths  and  diameter 

for  oak  saw  timber^ 
Site 

index  class 
:    Rotation 
:    length 

Rotation 

diameter^ 
Feet 

75+ 
55-74 
40-54 

yeaa>s 

60-75 
75-90 
90-120 

Inches 

24-28 
20-24 
16-18 

'Rotation  lengths   for 
pulpwood   are  about    1/2    to   2/3   of 
those   for  sawtimber. 

Average   diameter   of   crop 
trees. 

Controlling  Stand  Establishment 

E.  Two  basic  principles  of  reproducing  oaks  must  be 
understood  by  silviculturists  managing  this  type. 

1.  The  newly  reproduced  stand  will  contain  oaks 
proportion  to  the  advance  oak  reproduction  on  the  an 
before  the  overstory  is  removed. 

2.  Advance  oak  reproduction  must  be  relatively  lar 
with  a  weU  established  root  system,  in  order  to  compi 

successfully  with  other  woody  vegetation  in  the  n  i^ 
stand. 

Before  a  final  harvest  cut  is  made,  the  oak  advai 

reproduction  should  be  inventoried  to  determine  if  ii 

adequate  to  ensure  a  dominant  oak  component  in  i 

new  stand.  (See  Appendix  IV,  "Evaluating  the  Adequj 
of    Oak    Advance    Reproduction".)   If   the    minim' 
standards  of  this  guide  are  met,  the  old  stand  can 
removed.  Clearcutting  is  the  recommended  silvicultui 
system.  After  the  merchantable  timber  is  harvested,!; 
remaining  trees  larger  than  about   2  inches  d.b.h. 
about  20  to  25  feet  tall)  should  be  removed.  Desira 
oaks  should  be  cut  and  allowed  to  sprout.  Species) 

wanted    in   the   next   stand   should   be   killed.   Thisij|| 
important    because    if  left,  many   of  these   trees  i 
become  wolf  trees.  I 

F.  If  the  oak  advance  reproduction  does  not  meet  t 
standards  in  the  guide,  harvest  cutting  should! 
delayed.  If  oak  advance  reproduction  is  scarce  or  absis 
new  seedlings  will  have  to  be  established.  There  arei 
known  cultural  techniques  that  result  in  new  seedllU 
being  established.  Some  reduction  of  overstory  denii 
should  help  to  stimulate  seed  production,  but  becaua 

the  periodicity  of  seed  crops  the  time  requiredij 
establish  enough  new  seedlings  for  adequate  stockini 
likely  to  be  relatively  long. 

Site  preparation  by  soil  scarification  has  not  pro 
beneficial  in  establishing  new  oak  seedlings.  Even  vM 

many  new  seedlings  are  initially  found  on  scarified  aw 
after  a  few  years  there  are  just  as  many  presentii  b 
unscarified  as  on  scarified  areas. 

In  areas  of  known  heavy  deer  populations  and  seM( 

browsing,  or  high  populations  of  acorn-consuming  Vflp 
life,   it    will    be    impossible    to    establish   natural 
regeneration  unless  measures  are  taken  to  controM  l 

consuming    animals.    If   control    is    not    feasible,   I 
seedlings   can  be   planted,  but    they   will   have  to 

protected  from  deer. 

ft 
Where  advance  reproduction  is  scarce  or  absent, 

seedlings  can  be  planted  under  an  overstory  and  alld 
to  develop  as  advance  reproduction.  This  practicci||in 

not  been  tried  and  proven  and  its  ultimate  succeS' 
failure  is  unknown.  The  overstory  should  be  mainta  At, 

at  about  60  percent  stocking  and  if  competition  fror  |ti 



■    •  iiig  understory  wiU  impair  the  growth  of  the  planted 
iiigs,  its  density  should  be  reduced.  Seedlings  should 
anted  at  the  rate  of  500  to  600  per  acre.  Spacing 
he  irregular  and  seedlings  should  not  be  planted 

to  large  overstory  trees.  As  with  natural  reproduc- 
(he  planted  seedlings  must  be  allowed  to  reach  the 

.  iiiium  size  necessary  before  the  overstory  is  finally 
(loved. 

lant  the  largest  oak  seedlings  available.  Seedlings 
uld  be  at  least  1/4-inch  in  diameter  at  the  root  collar. 
not  be  afraid  to  cull  the  smaller  ones.  The  larger 
ilings  have  a  much  better  potential  because  of  their 

,er  root  systems.  Size  is  critical  in  the  root  system's 
ity  to  support  vigorous  shoot  growth  after  harvest 
ing. 

anting  oaks  after  clearcutting  has  generally  been 

itisfactory  because  the  planted  seedlings  do  not  grow 
enough  to  compete  with  the  new  sprouts. 

nee  new  seedlings  are  established,  or  if  advance 
eduction  is  present  in  sufficient  numbers  but  below 
minimum  size,  they  must  be  allowed  to  grow  in  the 
erstory  until  they  reach  the  minimum  size.  Oak 
mce  reproduction  grows  slowly  and  the  development 
d  may  be  10  to  20  years  or  longer.  Cultural 

niques  to  enliance  oak  advance  reproduction  growth 
:  yet  to  be  developed.  Maintaining  the  overstory  at 
,0  60  percent  stocking  should  help.  And,  if  there  is 
mderstory  of  competing  woody  stems  present,  its 
ity  should  probably  be  reduced  by  killing  the 
anted  stems  with  herbicides. 

Controlling  Composition 

n 

luii 

The  composition  of  oak-hickory  stands  can  be 
ed  to  some  degree  at  any  time  before  a  stand 
lies  large  pole  or  small  sawtimber  size.  However,  the 
time  to  control  composition  is  when  regeneration  is 
established.  Oaks  will  be  present  in  new  stands  in 

[ortion  to  their  occurrence  in  the  advance  reproduc- 
And,  the  composition  of  the  advance  reproduction 

ten  unrelated  to  that  of  the  overstory.  Although  one 
species  may  predominate  in  the  overstory,  a 

rent  oak  may  prevail  in  the  understory. 

;reasing  the  amount  of  one  oak  species  relative  to 
:s  is  difficult.  If  advance  reproduction  is  well 
lished  and  adequate  for  several  species,  the  less 
able  species  can  be  removed  from  the  advance 
>duction  by  selective  treatment  with  herbicides.  If 
ice  reproduction  is  scarce  and  the  overstory  is  well 

iQji    :ed,  the  species  not  wanted  can  be  removed  from 

the  overstory  so  no  seed  of  that  species  will  be  available. 
Another  alternative  is  to  underplant  the  wanted  species, 
and  at  the  same  time  remove  the  unwanted  species  from 
the  overstory.  In  any  situation  where  composition 
control  in  the  advance  reproduction  is  needed  or 
wanted,  the  principles  applicable  to  controlling  stand 
establishment  must  be  followed  (see  p.  6). 

Weedings  or  cleanings  may  be  necessary  to  control 
composition  and  maintain  oaks  in  the  new  stands.  They 
should  be  made  no  later  than  10  years  after  harvest 

cutting,  particularly  if  oak  advance  reproduction  was 
barely  adequate  or  stump  sprouts  were  depended  on  to 
furnish  the  oak  component  of  the  new  stands. 

When  these  weedings  or  cleanings  are  made,  reduce 
stump  sprout  clumps  to  one  or  two  stems,  and  release 
the  fastest  growing  oak  stems.  Do  not  attempt  to 
eliminate  all  undesirable  stems.  Select  potential  crop 
trees  on  a  spacing  of  about  15  feet  and  release  only 
those  that  need  it.  Generally,  dominant  and  codominant 
trees  should  be  selected  for  crop  trees.  However,  some  of 
the  better  intermediates  may  be  released  if  necessary  to 
maintain  an  adequate  stocking  of  oaks. 

Controlling  Growth 

H.  Total  growth  or  production  of  wood  in  oak  stands 
will  be  about  the  same  over  a  wide  range  of  stocking, 

provided  there  are  enough  trees  in  the  stand  to  fully 
utilize  the  site.  However,  individual  tree  growth  will  be 

greatest  near  the  lower  limit  of  stocking  that  fully 
utilizes  the  site.  Although  total  growth  cannot  be 
increased,  regulation  of  stocking  by  thinning  results  in 

growing  merchantable  products  quicker,  increased  pro- 
duct yields,  and  shorter  rotations. 

Thinnings  should  be  started  as  early  in  the  hfe  of  a 
stand  as  possible  in  order  to  realize  the  full  potential 
yields  of  the  site  (table  3).  When  thinnings  are  started  at 

age  10  to  20,  and  followed  by  periodic  thinnings  at 

about  10-year  intervals,  the  time  required  to  grow  trees 
to  a  given  diameter  can  be  greatly  reduced  and  the 

greatest  yield  obtained  (see  Appendix  II,  tables  11-19). 
The  first  thinning  in  these  young  stands  and  possibly  the 

second  may  not  yield  commercial  products  unless  a 
market  for  small  roundwood  exists.  If  precommercial 

thinnings  are  not  feasible,  the  latest  effective  first 
thinning  age  tor  rapid  growth  response  is  40  or  50  years. 
Previously  unthinned  stands  older  than  50  years  can  and 

probably  should  be  thinned,  especially  on  good  sites. 
Although  residual  trees  aie  not  likely  to  respond  very 
well,  merchantable  products  can  be  recovered  from  trees 



Table  3.  —  A  comparison  of  yields  per  acre  at  age  60  when  thinning  is 
begun  at  different  ages;  thinning  interval  10 years  (Gingrich  1971 J 

SITE  55 
Vlelds  at 

age  60 

:Age  of stand  at time  of first  thinning  (years)      | :   10 20 
:   30   : 

40 

:   50   : 

60 Cubic  feet 3,900 2,940 2,910 2,580 
2,550 

2,520 Cords 37.8 28.8 27.6 23.7 23.4 
22.9 

Board  feet 
8,340 4,680 3,360 2,700 1,500 

900 
SITE  65                           1 

Cubic  feet 
4,860 4,040 3,750 3,270 3,270 3,300 

Cords 44.1 
35.4 

34.5 30.6 31.2 
30.8 

Board  feet 12,000 
7,680 5,220 4,680 4,600 

(7,000)* 

5,160 

(6,580)* 

SITE  75                           1 
Cubic  feet 

6,360 5,400 4,770 4,290 4,080 4,140 Cords 56.7 49.2 
44.7 39.3 37.7 37.7 

Board  feet 18,840 14,100 10,080 
9,000 7,800 

(11,800)* 
9,288 

(10,850)* 
*Board-foot  yields  at  age  70. 

about  to  die  and  the  overall  vigor  and  health  of  the 
remaining  trees  will  improve. 

Poor  sites  are  the  only  exception  to  this.  On  poor  sites 
the  cost  of  precommercial  thinnings  probably  cannot  be 
recovered  because  of  the  long  period  of  time  these  costs 
will  have  to  be  carried  at  compound  interest. 

In  young  stands  of  sapling  or  small  pole  (15  to  20 
years  old)  size,  the  first  thinning  can  be  a  crop  tree 

release.  For  crop  trees  select  only  dominant  or  co- 
dominant  trees  on  a  15-  to  20-foot  spacing,  and  release 
only  those  that  need  it.  This  spacing  should  provide 
acceptable  stocking  of  crop  trees  by  the  time  the  trees 
average  large  enough  for  commercial  thinnings. 

Thinnings  cannot  be  continued  indefinitely.  Maintain- 
ing good  growth  on  the  trees  left  in  the  stand  requires 

that  they  be  spaced  so  the  site  is  fully  occupied  and  that 
the  effect  of  a  thinning  is  distributed  throughout  the 
stand.  When  the  trees  become  large,  removal  of  only  a 
few  trees  does  not  benefit  the  entire  stand,  and  may 

leave  large  holes  in  the  canopy  —  a  situation  that  should 
be  avoided.  In  general,  if  a  stand  has  been  thinned 
regularly,  stop  thinning  oaks  at  60  to  70  years  on 
average  sites,  and  50  to  60  years  on  good  sites,  or  about 

three-fourths  of  rotation  age. 

Twenty  to  30  years  prior  to  the  contemplated  harvest 
age,  managers  should  be  establishing  and  developing  oak 
advance  reproduction  to  replace  the  current  stand.  Thus, 
some  cultural  measures  may  be  required  beyond  the  age 
when  thinnings  to  maintain  growth  are  stopped. 

Stocking  percent  should  be  used  as  the  measure 
stand  density  to  control  thinning  intensity  (see  Appi 

dix  III,  "Evaluating  Stand  Density  and  Growing  StCt. 

Quality").  Generally  oak  stands  should  be  thinned  di 

leave  residual  stands  at  about  60  percent  stocking.  Thi"b 
are  two  exceptions  to  this  general  rule:  in  young  staii 
less  than  20  years  old,  and  in  stands  30  years  and  oldl 
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In  stands  20  years  old  or  less,  the  first  thinning  m 

reduce  stocking  to  50  percent.  These  young  stands  gr ' 
rapidly  and  in  10  years  they  will  again  be  approach) 
maximum  stocking.  In  stands  30  years  and  older,  i 

first  thinning  should  reduce  stocking  to  only  70  percc  i 

Trees  that  have  grown  in  stands  near  maximum  stock  i 
for  30  years  or  longer  have  relatively  small  crowns  t : 

cannot  quickly  expand  and  occupy  the  available  grow  i,| 
space  if  thinned  too  heavily.  Moreover,  the  residual  tn,^ 
will  develop  excessive  bole  sprouts  which  reduce  qual  ! 

A  more  gradual  opening  of  these  older  stands  will  all ' 
the  crowns  to  expand  gradually,  utilize  the  increa.; 

growing  space  more  efficiently,  and  reduce  bole  sprc  i 
ing.  The  second  and  subsequent  thinnings  should  tl ; 
reduce  stocking  to  about  60  percent. 

Thinning  should  generally  be  from  below  for  a  gc 

biological  reason.  Intermediate  and  suppressed  trees  h. 
very  small  crowns,  are  of  low  vigor,  and  respond  v 
slowly  to  release.  However,  dominant  and  codomin 
trees  are  usually  of  high  vigor,  are  the  best  quality  tr 

and  respond  to  release  with  rapid  growth.  To  thin  ( 
stands  from  above  only  lengthens  rotations  and  lo» 
the  quality  of  the  growing  stock. 

aiii 



Leave  the  best  trees  spaced  as  uniformly  as  possible 
t  .uighout  the  stand.  In  a  first  thinning  at  age  20  or 
Lci  it  will  probably  be  impossible  to  remove  all  of  the 
Liicsirabie  trees  and  still  retain  about  60  percent 
sicking  and  adequate  spacing.  Remove  as  many  as 

hie  in  the  first  thinning  and  the  remainder  in  the 
^    lid  and  third  thinnings. 

uUy  stocked,  immature  stands  are  prime  candidates 
fi  thinning,  hi  such  stands,  the  size  class  that  will  form 
tl  main  stand  must  be  chosen  and  the  trees  in  that  size 

managed  to  maturity.  In  some  existing  stands,  two 

cnt  size  classes  (saplings-pole  or  poles-sawtimber) 
I   have  to  be  combined  in  order  to  form  a  main 

sliid  with  adequate  stocking. 

If  the  main  stand  is  saplings  or  poles,  thinnings 
si  Slid  not  be  delayed.  Reduce  stocking  to  not  less  than 

3'ovel  (see  Appendix  III,  fig.  7)  and  plan  to  make 
aditional  thinnings  at  about  10-year  intervals. 

If  the  main  stand  is  sawtimber,  the  intensity  of 
ing  depends  on  how  well  the  stand  is  stocked,  how 
to  maturity  the  stand  is,  and  on  the  quality  of  the 

^i    ing  stock. 

the  basal  area  of  acceptable  growing  stock  is  above  C 

e  !  (see  Appendix  III,  fig.  7),  the  stand  is  worth 
n. aging,  but  if  it  is  below  B  level  it  will  be  several  years 
X  re  the  good  trees  will  fully  occupy  the  site.  If 
icptable  growing  stock  is  below  C  level,  the  stand 
.anot  be  saved  without  great  waste  of  time  and  growing 
>p  e  and  should  be  regenerated  as  soon  as  adequate 
id  tnce  reproduction  exists. 

When  no  single  size  class  contains  more  than  50 
ae  ent  of  the  total  basal  area,  combine  two  adjacent 
ii2  classes  for  a  manageable  stand.  In  such  cases  the 
lenmmendations  for  the  size  class  with  the  most  basal 

in  should  generally  be  followed  when  making  inter- 
in  iate  cuts.  There  are  probably  exceptions  to  this 
ge:ral  rule,  and  good  professional  judgment  must  be 
-IS I  to  make  the  final  decision. 

]  If  the  majority  of  the  trees  are  80  percent  or  greater 

of  the  desired  rotation  diameter  for  the  site  (table  2), 
whether  to  cut  or  not  depends  on  stocking  and  the 

adequacy  of  the  oak  advance  reproduction  present.  If 
stocking  is  80  percent  or  more,  a  light  thinning  can  be 

made  and  is  especially  desirable  if  oak  advance  reproduc- 
tion is  scarce  or  small.  However,  in  previously  unthinned 

stands,  DO  NOT  reduce  stocking  below  70  to  75  percent 
and  do  not  make  large  holes  in  the  stand.  DO  NOT  be 
tempted  to  make  a  cut  in  this  type  of  stand  merely 
because  it  contains  good  volumes  of  desirable  trees  or  to 
get  volume  to  satisfy  cutting  goals.  Any  cutting  should 
be  designed  more  to  enhance  the  establishment  or 
development  of  advance  reproduction  rather  than 
growth.  Cutting  should  be  restricted  to  the  poorest  trees, 
and  primarily  the  lower  crown  classes. 

M.  In  stands  60  to  80  percent  stocked,  wait.  These 
stands  will  usually  have  a  fairly  dense  understory.  If 
there  is  not  much  oak  advance  reproduction,  some 
understory  control  is  probably  needed,  but  further 
reduction  of  the  overstory  is  probably  not  necessary  or 
desirable  because  not  enough  trees  can  be  removed  to 
benefit  the  entire  stand. 

N.  If  the  majority  of  trees  are  less  than  80  percent  of 
the  desired  size  for  the  site,  the  stand  should  be  thiimed 

unless  the  initial  stocking  is  not  much  above  B  level.  If 

the  stand  shows  no  evidence  of  cutting  10  to  20  years 
previously,  do  not  reduce  stocking  below  70  percent  and 
take  note  of  oak  advance  reproduction  adequacy.  If  the 
stand  was  cut  10  to  20  years  previously,  it  can  be 

thinned  to  B-level  stocking  but  heed  the  warnings  in 
section  L.  If  initial  stocking  is  not  much  above  B  level, 
do  nothing  unless  oak  advance  reproduction  is  scarce.  In 
any  event,  cutting  should  be  light  and  designed  more  to 
increase  oak  advance  reproduction  than  promote  growth 
of  the  overstory  trees. 

0.  Sawtimber  stands  that  are  understocked  (below  B 

level)  or  of  poor  quality  should  be  rehabilitated  or 
regenerated  as  soon  as  possible.  Such  stands  will  hkely 
contain  heavy  understories,  and  should  be  regenerated 
immediately  if  oak  advance  reproduction  is  adequate.  If 
not,  measures  must  be  taken  to  develop  it. 

MIXTURES  OF  OAKS  AND  OTHER  SPECIES 

I  Harvesting  of  existing  oak  stands  in  the  "Driftless 
'■n"  of  Wisconsin,  Minnesota,  Iowa,  Lower  Michigan, 

lern  Illinois,  and  southern  Indiana  often  results  in 

tlimew  stands  of  mixed  composition.  If  oaks  are  few  in 
nu  ber  but  well  distributed  in  these  new  reproduction 

stands,  it  may  be  possible  to  create  a  stand  with  a  good 

oak  component  by  the  time  it  reaches  sawtimber  size. 

To  do  this  will  require  early  weeding  -  possibly  as  early 
as  age  5  —  and  careful  attention  to  the  oaks  that  are 

present. 



Regulating  stocking  in  mixed  stands  will  depend 
primarily  on  the  proportion  of  oaks  in  them.  In  the 

northern  part  of  the  north-central  region,  when  oaks 
comprise  two-thirds  or  more  of  the  stand  basal  area  at 
about  age  20,  the  recommendations  in  this  handbook 
should  be  followed.  If  oaks  account  tor  one-third  or  less 
of  the  basal  area,  use  the  recommendations  in  the 

handbook  for  northern  hardwoods  (Tubbs  1977).  For 

those  stands  composed  about  equally  of  oaks  and  other 
hardwoods,  there  is  no  good  information  on  which  to 
base  stocking.  Thinnings  in  such  stands  should  favor  the 
best  quality,  fastest  growing  trees.  Stocking  levels  should 
probably  be  intermediate  between  those  for  oaks  and 
those  for  northern  hardwoods. 

In  the  southern  part  of  the  region,  except  in  the 
Ozarks  area,  stocking  in  stands  containing  50  percent  or 
more  of  the  basal  area  in  oaks  at  about  age  30  can 

probably  be  regulated  according  to  the  guidelines  in  this 
handbook.  If  stands  contain  more  than  50  percent 

yellow-poplar  or  other  intolerants,  a  somewhat  higher 
stocking  percent  than  shown  in  figure  7  (Appendix  III) 
will  be  required,  but  how  much  higlier  is  not  accurately 
known.  However,  at  a  given  average  stand  diameter, 
increasing  the  figure  values  by  20  percent  appears  to  be  a 
reasonable  compromise. 

Q.  In  mixed  oak  and  pine  stands  there  is  no  informa- 
tion available  to  guide  regulation  of  stocking.  When 

thinnings  are  made  in  such  stands,  they  should  provide 

adequate  growing  space  for  the  best  trees  while  main- 
taining adequate  stocking  to  fully  utilize  the  site.  The 

pines  will  generally  produce  more  and  higher  quality 
timber  than  oaks  and  should  be  favored  as  much  as 

possible. 

Conversion  to  Other  Species 
Consider  converting  existing  oak  stands  to  other 

species  in  the  following  three  situations. 

R.  The  first  is  where  the  ecological  trends  clearly 
indicate  the  replacement  of  oaks  with  more  mesic 

species  on  good  sites.  This  occurs  in  parts  of  Lower 
Michigan,  Minnesota,  Wisconsin,  and  northeastern  Iowa 
where  species  such  as  white  ash,  American  basswood, 
and  sugar  maple  grow  well. 

These  stands  may  be  converted  immediately  if  a  seed 
source  of  desirable  nonoak  species  is  present.  There  will 

usually  be  an  understory  composed  primarily  of  these 
species.  Removal  of  the  oak  overstory  may  be  by 
shelterwood  (Tubbs  1977),  or  by  clearcutting  if  the 
understory  is  well  developed. 

10 

If  a  seed  source  of  desirable  nonoak  species  is  limit 
or  lacking,  planting  will  be  required:  simply  removi 
the  oak  overstory  will  lead  to  the  development  ol 
stand  composed  of  undesirable  nonoak  species.  Whli 
ash,  sugar  maple,  or  other  suitable  species  should 
interplanted.  The  seedlings  planted  should  be  large  ai 
competing  vegetation  may  need  to  be  controlled.  Her 
cides  should  be  applied  as  broadcast  foliage  spray  befc 
harvest  cutting  and  planting,  or  as  selective  stu 

treatments  at  the  time  of  planting  (see  Pesticide  P" 
cautionary  Statement,  Appendix  V). 

S.  The  second  is  in  southern  lUinois,  southern  Indiau 

and  parts  of  Lower  Michigan,  where  oaks  will  be  largg 

replaced  by  yellow-poplar,  white  ash,  and  other  mw 
mesic  species  as  existing  oak  stands  on  good  sites 
harvested.  These  species  are  generally  minor  compone:e 
of  existing  stands  and  can  be  converted  simply 
clearcutting  the  mature  stand.  There  may  also  be  enow 
oaks  present  in  new  stands  to  form  a  manageable  miaii 
oak-other  hardwood  stand. 

T.  The  third  situation  where  conversion  should  1 

considered  is  on  poor  sites  in  locations  where  shortleld 
red,  eastern  white,  and  jack  pines  occur  naturally.  Thll 
sites  will  produce  higher  timber  yields  if  converted! 
pine,  and  unless  there  is  reason  to  retain  oaks  on  thhi 
for  purposes  other  than  timber  production,  they  shoul 

be  converted  as  soon  as  possible.  * 

In  the  southern  part  of  the  region,  conversion  she  1 
be  to  shortleaf  pine.  Site  preparation  is  required  (; 
seedbeds  and  to  control  hardwood  competition.  L 

scribed  burning  or  bulldozing  results  in  satisfact(  i 
seedbeds.  Bulldozing  results  in  better  hardwood  cont  i 

than  prescribed  burning,  but  should  be  restricted  to  k" 
areas  or  to  gentle  slopes  where  excessive  erosion  will  i  <} 
be  a  problem.  Shortleaf  pine  can  be  either  direct  seec  ? 

using  1/2  to  3/4  pound  of  repellent-treated  seed  i 
acre,  or  planting  1-0  seedlings  at  a  rate  of  500  to  11 
trees  per  acre. 

To  maintain  pure  seeded  or  planted  shortleaf  p  r 

stands,  they  may  have  to  be  released  from  hardwc :' 
competition  2  to  4  years  after  establishment.  Howe\ ; 
if  the  competing  hardwoods  are  desirable  oaks,  const  (, 
managing  the  stands  as  mixtures.  j 

i 

In  the  northern  part  of  the  north  central  States,  mi^; 
oak  stands  are  growing  on  low  sites  that  were  form(  ] 
in  pine;  these  sites  should  be  relatively  easy  to  con\  ' 
back  to  pine.  Red  pine  is  the  first  choice.  If  blister  rus  : 

not  a  factor,  eastern  white  pine  is  also  satisfactory.  J:  •"! 
pine  can  also  be  used,  particularly  for  pulpwood,  and  J 



;ry  poor  sites.  To  establish  these  northern  pines  use  the 
iidelines  in  the  jack  pine  and  red  pine  handbooks 
Jenzie  1977a.  1977b). 

Damaging  Agents 
Hei  re 

Fire  has  had  an  important  role  in  the  establishment  of 

jsting  oak  stands  throughout  the  north  central  States, 
le  recurrent  fires  that  followed  cutting  of  the  original 

Tiber  stands  all  but  eliminated  the  less  fire-resistant 
ecies.  The  oaks  were  able  to  survive  because  of  their 

ility  to  sprout  repeatedly.  With  the  advent  of  fire 
otection  and  control  of  widespread  burning,  the 
esent  oak  stands  developed. 

AJthougli  fire  has  been  a  prime  factor  in  the  develop- 
;nt  of  the  present  oak  stands,  its  use  as  a  silvicultural 

ol  for  regenerating  oak  cannot  be  recommended  now. 
nere  it  has  been  tried,  it  has  not  been  successful  in 

oducing  the  desired  results. 

3aks  are  susceptible  to  damage  by  fire  at  all  stages 
ring  a  rotation.  The  primary  damage  is  the  killing  of 

ift(  e  cambial   tissue   at   the   base   of  the   tree   and  the 
bsequent  decay  of  the  wood.  Many  of  the  cull  trees  in 

(sl  esent   oak  stands  are  cull  because  of  fire.  For  this 
ison,    fire    should   generally   be   excluded   from   oak 
inds. 

ought 

rought  is  one  of  the  most  seriously  damaging  agents 

oak  stands.  Twelve-  to  16-week  periods  without 
nfall,  especially  if  recurring  in  successive  years,  can 

'erely  affect  oaks  for  several  years.  Growth  is  reduced 
d  weakened  trees  are  often  attacked  by  insects  and 
3t  rot. 

The  effects  of  severe  drought  are  less  in  thinned  stands 
in  in  dense  stands,  however.  Thinned  stands  are  more 

listant  because  the  trees  have  better  vigor,  and  even 

3Ugh  growth  will  be  lowered,  trees  can  often  wi th- 
ud the  attack  by  secondary  agents. 

.  ieartwood  decay  by  wood  rotting  fungi  is  one  of  the 
L.  )st  serious  diseases  of  oaks.  Although  trees  are  seldom 

^  led,  decay  often  renders  the  entire  stem  unusable  for 
,,  iber  products.  The  primary  entry  points  for  decay 

J.  igi  are  fire  scars  and  dead  branch  stubs.  There  are 

,'i  iny    species    of  wood  rotting  fungi,  but   the  most 
'■  i  portant  ones  are  Porta  andersonii,  Stereum  gaustapa- 

tum,  Stereum  frustulatwn,  Hericium  spp..  Polyporus 
compactiis,  Poria  cocos,  Irpex  molli,  and  Polyporus 

sulphureus. 

Losses  from  these  organisms  can  be  reduced  by  fire 

protection  and  through  silvicultural  practices.  In  oak 
sprout  clumps  the  upper  sprouts  should  be  thinned  out 
before  heartwood  begins  to  form  and  the  sprouts  of 
lowest  origin  on  the  stump  retained.  In  thinnings,  one  or 
more  sprouts  separated  from  a  companion  sprout  by  a 

low  U-shaped  crotch  can  be  safely  removed.  However, 
sprouts  that  form  a  V-shaped  crotch  should  either  be  left 
alone  or  the  entire  clump  cut.  Stand  density  in  young 
stands  should  be  high  enouglr  to  shade  out  the  lower 
branches  while  they  are  small. 

Mortality  from  oak  wilt,  a  vascular  fungus  disease,  may 

be  locally  severe.  This  disease  kills  species  of  both  the 
red  and  wliite  oak  groups.  Red  oaks  usually  die  within  a 
few  weeks  after  the  symptoms  first  become  evident. 
White  oaks  are  more  resistant  to  the  disease  because  of 

the  presence  of  tyloses  in  the  vessels  and  trees  usually 

die  over  a  2-  to  3-year  period.  The  disease  spreads  trom 
tree  to  tree  through  root  grafts  and  is  also  spread  by 
insects.  There  are  no  known  control  measures  that  are 

completely  effective. 

Less  serious  diseases  that  attack  oaks  are  anthracnose, 

leaf  blister,  and  the  canker  diseases. 

Insects 

Many  insects  attack  the  oaks.  Severe  damage  and 
degrade  to  lumber  are  caused  by  the  carpenterworm,  the 
white  oak  borer,  the  red  oak  borer,  and  Columbian 

timber  beetle.  Important  insects  that  feed  on  the  leaves 
include  the  variable  oak  leaf  caterpillar,  gypsy  moth,  oak 

leaf  roller,  oak  leaf  tier,  forest  tent  caterpillar,  and  the 

orange-striped  oakworm.  These  insects  are  capable  of 
completely  defoliating  oaks,  sometimes  over  rather  large 
areas.  A  single  defoliation  is  not  serious  but  may  result 
in  weakened  trees  and  a  loss  of  growth.  Defoliation  each 

year  for  2  or  3  years  or  more  can  cause  mortality  that  is 
sometimes  widespread  and  severe.  Volume  losses  can  be 

high.  Insects  that  attack  acorns  cause  heavy  losses  and 
may  even  destroy  the  entire  crop  in  years  of  low 
production.  Acorn  weevils  are  the  most  destructive  of 
the  acorn-attacking  insects. 

There  are  no  practical  insect  control  measures  for  use 
in  oak  stands.  Chemicals  can  be  used  to  control  the 

defoliators  if  the  cost  can  be  justified  (see  Pesticide 

Precautionary  Statement,  Appendix  V).  Removal  of  the 
low  vigor,  defective  trees  during  thinnings  should  iielp 
reduce  damage  from  wood  boring  insects. 

n 



OTHER  RESOURCE  CONSIDERATIONS i 

Water 

Silvicultural  activities  in  oalc  forests  will  have  little 

impact  on  water  yields.  Although  an  area  that  is  clearcut 
for  regeneration  will  yield  more  water  for  a  few  years, 
this  yield  gradually  diminishes.  Vegetation  grows  rapidly 
following  clearcutting  and  after  5  to  10  years  the  water 
yield  will  be  essentially  the  same  as  from  a  mature  stand. 
Peak  flows  may  be  increased  somewhat  from  clearcut 
areas,  but  this  increase  is  usually  of  no  practical 

significance  and  will  not  contribute  to  flooding.  Thin- 
nings will  have  a  negligible  effect  on  water  yield  so  long 

as  stands  are  maintained  at  least  at  B-level  stocking. 

Sedimentation  resulting  from  cuttings  will  be  minimal 
if  proper  precautions  are  taken.  Water  will  not  flow 
overland  in  clearcuts  unless  the  forest  floor  has  been 

scraped  off  or  destroyed.  Thus,  disturbance  of  the  forest 
floor  should  be  kept  as  low  as  possible.  Careful  location, 
construction,  and  proper  maintenance  of  roads  and  skid 

trails  is  necessary.  Where  site  preparation  for  regenera- 
tion includes  scarifying  or  burning  for  seedbeds,  take 

extreme  care  in  planning  and  executing  these  measures 
to  avoid  excessive  overland  water  flow  and  erosion. 

Where  water  yield  is  of  primary  importance  such  as  on 
municipal  watersheds,  established  principles  of  good 
watershed  management  must  be  followed.  Timber  yields 
will  be  of  secondary  importance. 

Wildlife 

Oak  forests  provide  habitat  for  numerous  wildlife 

species.  The  principal  game  species  include  white-tailed 
deer,  turkey,  fox,  and  gray  squirrels,  and  in  some  areas 
ruffed  grouse.  Other  important  species  include  raccoon, 
opossum,  red  fox,  bobcat,  skunk,  and  a  host  of  birds. 

Creating  and  maintaining  diverse  vegetation  is  the  key 
to  providing  a  large  variety  of  wildlife  with  suitable 
habitat.  Regeneration  clearcuts  should  be  planned  for  a 
whole  rotation  and  dispersed  throughout  a  compartment 
or  group  of  compartments  to  provide  a  well  regulated 
range  of  age  classes.  This  will  result  in  several  vegetation 

stages  ranging  from  open,  recently  clearcut  regenera- 
tion areas,  through  areas  of  saplings,  poles,  immature 

sawtimber,  and  mature  sawtimber.  Each  of  these  stages 
contributes  to  the  habitat  requirements  of  different 
groups  of  wildlife  species. 

Even  so,  special  measures  to  eiihance  the  habitat  fl 

species  with  specific  requirements  may  sometimes 
needed.  Many  of  these  measures  will  result  in  low* 
timber  yields,  but  to  what  extent  is  unknown.  Durii 

thinning  operations,  a  few  defective  trees  can  be  left 

provide  cavities  or  potential  cavities  for  hole-nestii 
wildlife  species.  About  30  cavity-nesting  bird  sped 
inhabit  oak  forests.  In  addition  to  cavities,  some  of  thei 

birds  need  an  open  overstory  and  a  well  developp 

mid-story  —  conditions  often  found  in  old-growth 
overmature  stands.  Retaining  selected  stands  beyond  tl 

normal  rotation  age  will  provide  these  conditions. 

Leave  dead  snags  standing  in  clearcut  areas  and  kl 
unmerchantable  trees  during  thinning  operations  inste( 

of  cutting  them,  so  as  to  provide  sites  for  hole-nestit(] 
species.  This  should  have  little  or  no  effect  on  timh 
production.  J 

One  of  the  most  important  contributions  to  wildli 
from  oak  stands  is  mast,  or  acorns.  Acorns  are, 

course,  vital  for  regenerating  oak,  and  any  measures  thV 
will  increase  or  optimize  acorn  production  in  a  particul  i 
stand  will  benefit  both  wildlife  and  timber  productic  i 
In  general,  thinnings  that  increase  tree  growth  will  al  i 

stimulate  acorn  production.  Maintaining  40  to  i  ( 
percent  of  the  area  of  each  compartment  in  stands  i 
mast-bearing  age  will  be  optimum  for  wildlife,  i 
compartments  that  contain  a  relatively  high  proportii  i 
of  poor  sites  that  would  produce  more  timber  i 
converted  to  pine,  this  may  mean  foregoing  conversin 
and  the  higher  yields  it  would  bring. 

High  populations  of  acorn-consuming  wildlife  can  i 
detrimental  to  establishing  oak  reproduction.  Eveni 

good  acorn  years,  essentially  the  entire  crop  may  be  Ic ; 
in  such  areas.  Acorns  not  damaged  by  insects  will  ( 

eaten  by  squirrels,  turkey,  deer,  or  other  acorn  cc  i 
sumers,  and  thus  not  be  available  for  reproducing  t  ( 
oaks. 

Esthetics 

Oak-hickory  forests  can  be  managed  with  a  minimu  f 

of  visual  impact  if  operations  are  planned  and  executi : 
carefully.  Primarily,  the  cutover  areas  should  appear  ne  i 
and  orderly.  In  travel  zones  stumps  should  be  lowai- 

slash  should  be  lopped.  Logging  roads  and  skid  tra  '• 
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3uld  be  located  and  constructed  to  cause  the  least 

dscape  disruption  possible.  Trash  should  not  be 
owed  to  accumulate. 

;;iearcutting  is  the  most  unsightly  of  any  silvicultural 

ration,  but  it  need  not  be.  It  is  very  important  to 

iign  clearcuts  to  fit  the  topography  and  general 
dscape.  They  should  not  dominate  the  landscape,  and 

hey  are  large,  they  should  be  irregular  in  shape  so  that 

[y  portions  are  visible  from  one  observation  point, 

ad  snags  may  be  objectionable  in  some  instances,  but 

|w  be   left   to  provide   sites   for  cavity-nesting  birds. 

Occasionally  small  groups  of  trees  can  be  left  to  add variety. 

To  maintain  visually  pleasing  conditions  around  camp- 
grounds, picnic  areas,  and  other  areas  of  high  recreation 

use,  the  usual  silvicultural  practices  have  to  be  modified. 
Thinnings  should  be  light  and  the  slash  lopped  and 
scattered.  Openings  can  be  made  for  regeneration  if  they 
are  kept  small.  Perpetuation  of  oaks  will  be  difficult  at 
best.  Reproduction  should  be  ensured  by  planting  if 
necessary  and  care  taken  to  develop  the  seedlings.  Costs 
will  be  high  but  timber  production  is  of  secondary 

importance  in  these  areas. 

J 
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APPENDIX  I 

SITE  INDEX  CURVES  AND  TABLES 

Table  4.  -  Black  and  scarlet  oak  site  index  estimates  by  2-foot  height  and  2-year  age  intervals^  (McQuilkin 
1974) 

: 
Age   :   

Height (feet) 
  •■ 

(years):  8 :10:12 

14 
16 18 

20 
22 24 :26 28 30:32 34:36 38:40 42:44 46 48:50:52 54 56:58: 60 62:64 

66:68 

70 

:72 
74:76 

78:80:82:84 
_86_ 

88:5 

10 70 72 55  |T "59" 
TT 

"IT 

"64" "66" 

"68 

12 
14 

54 
15^ 
53 58 l51 60 

57 

62 

59 

63 

61 65 62 67 
69 71 

68  70 72  74 

-1 

■ 64 66 

16 52 54 l56_ 
58 

60 62 

63 

65  67 

"69]  71 

73  75 i 
18 
20 

51 53 

50 

111 

52 
57 

154 

59 
56 

60 

58 

62  64 
60  61 

66  68 
63  65 

"70l72 

74 76 78 
75 

77  79 \ 67  69 

71 73 

22 
24 

49 
51 
48 

151 
50 

55 

52 

57  59 

54  56 

61  63 

58  60 
65  67 
62  64 

69 

71 

73 
75  77 
72  74  76 78 

\ 

66 

68 

"Tol 

26 48 

50 
52  54 56  58 60  62 64  66 68 70  72  74 76 78 

28 45 
47 

49  51 
53  55 57  59 61  63 65 67  69  71 73 

76 

30 45 47  49 51  53 55  57 59  61 

63 

65  67  69 

71 

731  75 77 

32 

45  |47_ 
49  51 53  55 57  59 

61 

63  65  67 69 

71  73}. 

75 77 

34 45 

147  49 

51  53 
55  57 

59 

61  63  65 67 69  71 

731 

75  77 

36 

42 
45147 49  51 53  55 57 59.61  63 65 67  69 

71 

"73175 

78 
38 
40 

42  44 
42 

47  49 
44  [47_ 

51  53 49  51 55 
53 

57  59  61 

55  57  59 

63 
61 

65  67 

63  65 

69 
67 

71  74 
70  72 

"761  78 

74  76 

"78" 

42 
44 

43  45 
44 

47  49 
46  48 

51 
50 

54  56  58 

52  54  56 

60 
58 

62  64 

60  62 

66 
64 

68  70 
67  69 

72  74 
71  73 

76 
75 

78 80 
77 79 81 

46 
48 

43 

45147 

43  |45_ 
49 

47 
51  53  55 
49  51  53 

57 

55 

59  61 
57  59 

63 

61 

65  67 
64  66 

69  71 

68  70 
73 
72 

75 

74 
77 79 81 

■ 

76 

78 

"lol  82 

SO 44 146. 48  50  52 

54 

56  58 

60 

62  64 66  68 70 72 74  76 
78  80  82 

1 
52 

45 

l47  49  51 
53 

55  57 
59 61  63 

65  67 69 71 73  75 77  79  81 
54 44 46~|48  50 52 54  56 58 60  62 64  66 

68 

70 72  74 75  77m  81 

56 43 45  47  49 51 
53  55 

57 59  61 
63  65 

67 

68 

70  72 74  76  78]  80 

58 44  46  48 50 
52  54 

56 

58  60 
62  63 65 67 69  71 

73  75  77|  79 81 
60 44  45  47 

49 

51  53 55 
57  59 

60  62 

64 

66 68  70 72  74  75  77l 
79 

62 

64 

43  45  47 
42  44  46 

48 

48 
50  52 
50  51 

54 

53 

56  58 
55  57 

60  61 
59  61 

63 
62 

65 
64 

67  69 

66  68 

71  73 

74  76| 

78 
77 

80 
79 

70  71 73  75 

66 
68 

43  45 
43  45 

47 

46 
49  51 48  |50 

52 
52 

54  56 

53  55 

58  60 

57  59 
61 

61 

63 

62 
65  67 
64  66 

69  70 72  74 76 

75 

78  ■,'':. 76  ; . 

68  69 71  73 

70 
42  44 

46 47  49 51 53  54 56  58 60 61 63  65 67  68  70  72 

74 

75  ;  :i 72 42  44 46 47  49 51 52  54 56  57 

59 

61 

_62|  64 

66  68  69  71 73 

74  ;  i 

74 

44 

45 

47  49 

50 

52  54 55  57 59 60 62  64 65  67  68  70 

72 

73  ■.' 

76 43 45 47  48 50 
52  53 

55  56 

58 

60 

61  63 

64  66  68  69 

71 

73  ;■ 

78 

45 

46  48 50 51  53 
54  56 

58 

59 

61  62 
64  65  67  69 70 

72  ;i 80 45 46  48 49 
5r|52 

54  55 57 

59 

60  62 
63  65  66  68 69 

71  :■ 

'All  height anc age  combinati Dns in this  table  are  within  the  range  of  the origin al 
black 

oak  data he 
Ight  and  age  comb! 

nations  | 

within  the lines indicate the  rang E  of the  original  scarlet oak  data. 

• 
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Table  5.  -  White  oak  site  index  estimates  by  2-foot  height  and  2-year  age  intervals^  (McQuilkin  1974) 

Height  (feet) 
:10:12:1A:16:18:20 

22 
24 26 28 

30 
32 

34 

36 38:40 42 44:46:48:50:52:54:56:58:60 62 64:66 

68- 

70:72:74 

76 

78:80:82:84:86:88:90: 92 

'4 

46  49  52  54  57  60 
44  47  49  52  54  57 

44  47  49  52  54 
44  47  49  52 

62 
60 

57 
54 

65 
62 59 

56 

68 65 

62 59 

68 

64 61 67 
64 

69 

66 
68 

71 

i 44  47  49 51 
54 

56 
58 

61 
63 65 68 

70 

) 44  46 
48 

51 53 55 57 
60 

62 64 

66  69 

I 42  44 
46 

48 51 53 55 
57 60 

62 64  66 

69 

71 
\ 

42 
44 46 48 51 53 

55 57 

59 

62  64 66 68  71 

i 
42 

44 46 48 51 53 55 

57 
59  62 64 66  68  70 

) 

I 
» 

42 44 
42 
40 

46 

44 
42 
40 

48 
46 

44 
42 40 

50 
48 
46 
44 
42 
40 

53 

50 48 
46 
45 
43 

41 

39 

55 

52 
51 
49 
47 
45 43 
41 

40 
39 

57  59 

55  57 
53  55 
51  53 
49  51 
47  49 

45  47 
44  46 
42  44 
41  43 
39  41 
38  40 

61 
59 

57 
55 
53 
51 
49 

48 
46 
45 

43 
42 

64  66  68  70 

61  63  66  68  70 
59  61  64  66  68  70 
57  59  62  64  66  68  70 
55  57  60  62  64  66  68  70 
53  55  57  60  62  64  66  68  70 
51  53  55  58  60  62  64  66  68 
50  52  54  56  58  60  62  64  66 
48  50  52  54  57  59  61  63  65 
47  49  51  53  55  57  59  61  63 
45  47  49  52  54  56  58  60  62 
44  46  48  50  52  54  56  58  60 

70 

68 

67 

65 

64 
62 

71 

69  71 
67  69 

66  68 
64  66 

71 

70 

68 

70 
39 

41 
40 

39 

43  45  47  49  51  53  55  57  59 
42  44  46  48  50  52  54  56  58 
41  43  45  47  49  51  53  55  56 

61 
60 

58 

63  65 62  63 

60  62 

67 
65 
64 

69  71 
67  69 
66  68 

71 

70 
( 40  42  44  46  48  50  51  53  55 

57 

59  61 
63 65  67 

68 

70 

1 39  41  43  45  47  48  50  52  54 56 
58  60 

61 

63  65 67 69 71 

41  42  44  46  48  49  51  53 
40  42  43  45  47  49  50  52 
39  41  43  44  46  48  49  51 55 

54 
53 

57  58 
56  57 
54  56 60 

59 

58 
62  64 61  62 
59  61 

66 
64 

63 
67 
66 
64 

69  71 
68  69  71 

66  68  70 
1 

1 
39  40  42  44  45  47  49  50 

40  41  43  45  46  48  49 
39  41  42  44  46  47  49 52 

51 

50 

54  55 
52  54 
52  53 

57 
55 
55 

58  60 
57  58 
56  58 

61 
60 
59 

63 

62 
61 

65  66  68  69 
64  65  66  68  69 
63  64  66  67  69  70 

, 39  40  42  43  45  47  48 50 51  53 

54 

56  57 59 61 62  64  65  67  68  70 

: 40  41  43  45  46  48 
39  41  42  44  46  47 

49 
49 

51  52 50  52 

54 

53 
55  57 

55  56 

58 
58 

60 

59 

62  63  65  66  68  69  71 
61  63  64  66  67  69  70 

39  40  42  43  45  47 48 50  51 53 54  56 57 59 60  62  64  65  67  68  70 71 

'Al 

af):he  
1 

All  height  and  age  combinations  to  the  left  of  the  line  are  within  the  range 
ine  are  extrapolations. 

f  the  original  data;  combinations  to  the  right 

I 

J 
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Figure  1.  -  Site  index  curves  for  black  oak  in  the  Central  States.  These 
curves  are  based  on  stem  analyses  of  300  dominant  and  codominant 
black  oaks  growing  on  120  plots  located  in  the  unglaciated 
portions  of  southeastern  Ohio,  eastern  Kentucky,  southern  Indiana, 
southern  Illinois,  and  southern  Missouri  (Carmean  1971). 
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Figure  2.  -  Site  index  curves  for  white  oak  in  the  Central  States.  These 
curves  are  based  on  stem  analyses  of  112  dominant  and  codominant 
white  oaks  growing  on  41  plots  located  in  the  unglaciated  portions 
of  southeastern  Ohio,  eastern  Kentucky,  southern  Indiana,  southern 
Illinois,  and  southern  Missouri  (Carmean  1971). 
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Figure  3.  —  Site  index  curves  for  scarlet  oak  in  the  Central  States.  These 
curves  are  based  on  stem  analyses  of  88  dominant  and  codominant 
scarlet  oaks  growing  on  25  plots  located  in  the  unglaciated 

portions  of  southeastern  Ohio,  eastern  Kentucky,  southern  Illinois, 
and  southern  Missouri  (Carmean  1971). 
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Figure  4.  —  Site  index  curves  for  chestnut  oak  in  the  Central  States. 
Tliese  curves  are  based  on  stem  analyses  of  59  dominant  and 
codominant  chestnut  oaks  growing  on  18  plots  located  in  the 

unglaciated  portions  of  southeastern  Ohio,  eastern  Kentucky,  and 
southern  Indiana  (Carmean  1971 ). 
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Site  index  curves  for  upland  oak  (Schnur  1937). 
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Figure  6.  —  Site  index  curves  for  red  oak  in  the  Lake  States  (Gevorkiantz  1957). 
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Table  6.  -  Soil  and  topographic  features  affecting  site  productivity  of  oak  forests  in  the  Lake  States  (Arend 
and  Scholz  1969) 

Site   index  and  growth  potential 

  at  age  80^   
Soil   features  and  corresponding  topographic   features 

;.te 

I'lllty Site 
index 

:      Mean      :  Periodic 
Number  16-:    annual    :    annual 
foot   logs:    growth    :    growth 
  :per   tree:per  acre 

Soil 
Topography 

70+    2ls+ 

Cu.   ft.      Bd.   ft. 

0.4-0.6   200-300  A. 

ium 55-65  lJ5-2!s ,3-  .4.  100-200 

40-55  h-lh .2  Less 

than 
100 

Deep,  moderately  and  well- 
drained  silts,  loams,  and 

clays  where  soil  depth  is 
3  feet  or  more  to  parent 
rock;  sands  where  water 
table  is  within  4  to  10 
feet  of  the  surface. 

A. .Moderately  deep  (20  to  36   t 
inches)  silts,  loams,  and 

clays,  or  deep  sands,  with 
fine-textured  bands  in  sub- 

soil 2  to  6  inches  in  thick- 
ness at  depths  less  than  60 

inches . 

B.  Deep  sands.  E 
C.  Deep  silts  and  loams. 

A.  All  shallow  soils  less 
than  20  inches  in  depth 
and  deep  porous  sands. 

B.  All  soils. 
C.  All  soils. 

A.  On  relatively  flat  topog- 
raphy, broad  ridges,  lower 

slopes,  bottoms  and  valley 
coves;  all  north  and  east 

slopes  where  gradients  are 
less  than  20  percent;  middle 
north  and  east  slopes  where 

gradients  range  from  20  to 
35  percent. 

A.  On  relatively  flat  land, 

upper  and  middle  north  and 
east  slopes  where  gradients 
are  less  than  20  percent; 
middle  north  and  east  slopes 
where  gradients  range  from 
20  to  35  percent. 

B.  On  lower  slopes  in  rolling 
topography. 

C.  On  upper  and  middle  south  and 
west  slopes  where  gradients 
are  less  than  20  percent. 

A.  On  flat  topography. 

B.  On  narrow  ridges  and  upper 
slopes  in  hilly  topography. 

C.  On  middle  south  and  west 

slopes  where  gradients  exceed 20  percent.   

Measurements  from  dominant  trees  (red  oak  group)  in  unmanaged  stands, 
Does  not  apply  to  prairie  soils  and  loessial  deposits. 
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Table  7.  —  Site  characteristics  to  be  considered  in  classifying  the 
productivity  of  upland  sites  in  southern  Michigan  for  black  and  red 

oaks*  (Gysel  and  Arend  1952) 

•Position  of 
the: General Position on '  , 

Texture  of  subsoil .moist  layers 
in: 

:Site  class 

:  the  substrata 
topography 

slope 

Fine Hight Flat VERY  GOOD 
Hight 

Rolling 

Upper Middle 
Lower 

Bottom 

GOOD 
GOOD 
GOOD 
VERY  GOOD 

Hight 

Hilly 

Upper Middle 
Lower 

MEDIUM 

GOOD 
GOOD 

Medium Low Flat MEDIUM 

Low 
Rolling 

Upper Middle 

Lower 
Bottom 

MEDIUM 
MEDIUM 

GOOD 
VERY  GOOD 

Low 

Hilly 

Upper Middle 
Lower 

POOR 

MEDIUM 

GOOD High 
Flat GOOD High Rolling 

Middle GOOD 

Coarse Low Flat VERY  POOR Low Rolling 

Upper Middle 
Lower 

Bottom 

VERY  POOR 
POOR 
MEDIUM 
GOOD 

Low 

Hilly 

Upper Middle 
Lower 

VERY  POOR 
POOR 
GOOD 

High Flat 
GOOD 

High Rolling 
Middle GOOD 

111 

iti 

*The  combinations  of  site  characteristics  listed  describe  the 
most  common  sites  on  which  oak  was  found  in  southern  Michigan  during 
this  study. 

f'High"  for  the  fine-textured  subsoil  class  refers  to  varying 
amounts  of  clay. 
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Table  8.  —  Oak  site  index  and  soil  characteristics  in  northeastern  Iowa  (Einspahr  and  McComb  1951 ) 

Soil 

series 
\      Textural  composition 

'.    A           B 

."Hor 

> 
izon  thickness 

B    Total 

Permeability 

sub-soil 

Natural  internal 
aeration 

Moisture  condition 

■  due  to  topograph- 

:    leal  position 

Percent 
slope 

;Site 

'index 

Inches 

:,eburg- 
Silt  clay 

son Silt  loam    loam 

14 
16 

d' 

Moderate Good 
Very  good 4 64 

.ette Silt  loam    Heavy  silt 
loam 10 16 

d' 

Moderate 
Good Fair 

15 

60 

ndahl Silt  loam  to  sandy  loam 

varying  amounts  of  rock 

fragments. 

14 12 

d' 

Moderate Good 
Good 

25 

57 
buque Silt  loam    Heavy  silt 

loam 

10 

16 30 

Moderate 
Good Fair 

18 

55 

3 Clay  loam  to  sandy  loam 

varying  amounts  of  rock 

fragments. 

— — 

18 

Moderate Good Good 

10 52 
ep  stony Clay  loam  to  sandy  loam Rapid Good Poor  to 

40 

52 

.:ipect varying  amounts  of  rock 

fragments. 

good 

elsea Loamy 

sand  to 

sand 

— — 

d' 

Very  rapid 
Good Fair 

10 44 

ep  stony Clay  loam  to  sandy  loam 5 Rapid Good Very  poor 40 37 

ispect varying  amounts  of  rock 

fragments. 
to  fair 

ngle Clay  loam    Heavy  clay 

12 
15 12 

Very  slow Very  poor 
Fair 

1 

36 

a Silt  clay    Clay  loam 8 Rapid 
Good 

Poor 

8 

33 

loam 

Greater  than  36  inches. 

Table  9.  —  Predicted  site  index  for white  oak  in  southern  Indiana  (Hannah  1968) 

Positior 
:    Clay  content  of  the  : 
: lower  subsoil  horizon: 

:  (B^)  (in  percent)    : 

A.-  and 

A^-hc 

rizon  thi ckness — inches 

2 .0-4. 0 
:       4 

.1-6 

0      : 

6.1-8 
0      : 

8 .1-10 0 

Idges Less  than 
40-60 
More  than 

40 

60 

51 

44 

38 

57 
50 
43 

64 

56 
48 

73 

63 

55 

pper  slopes  2-50 
,9rcent  of  distance 

rem  ridge 

Less  than 

40-60 
More  than 

40 

60 

North South North South 
North 

South North South 

61 
55 
50 

55 
48 
42 

66 

60 

54 

61 

53 

47 72 

65 

59 

67 

59 

52 

78 

71 

65 

75 

65 

58 

;bwer  slopes  51-99 
fercent  of  distance 

rom  ridge 

Less  than 

40-60 
More  than 

40 

60 

66 60 

55 

60 

53 
46 

71 

64 
58 

65 

57 

50 

75 
68 
62 

70 

62 

54 

80 
73 

66 

76 
66 
59 

3ttoms Less  than 

40-60 
More  than 

40 

60 

73 

68 
63 

77 
71 

66 

80 
74 

69 

84 
77 
72 

Aspect:   North  slopes  Include  azimuths  from  315 

Slope  shape:   All  site-index  values  are  for  line 
laped  slopes  substract  2  feet 

Stone  content:   All  site-index  values  are  for  re 

lony  soils  (31  to  60  percent  stone  in  B.)  substract 
feet. 

Texture  of  the  B,  horizon:   Site-index  values  ir 
::neral  texture.   Four  feet  should  be  subtracted  from 

to  135  degrees  and  south  slopes  include  azimuths  from  136  to  314  degrees, 

ar-shaped  slopes.   For  concave-shaped  slopes  add  2  feet;  for  convex- 

latlvely  stone-free  soils  (0  to  30  percent  stone  in  the  B^  horizon);  for 
2  feet;  for  very  stony  soils  (more  than  60  percent  stond  In  B.)  substract 

the  table  are  for  conditions  where  all  subsoil  horizons  have  the  same 

the  values  for  subsoil  with  les&  than  40  percent  clay  if  the  B,  of  this 
V.  ^^      -«.^^*«^^.   ^..w..,   ....w   .^^^^^       ^^.   -^       -   r     --  J  2 

tl  Is  underlain  with  a  B-,  B  ,  or  C  horizon  having  40  to  60  percent  clay.   Four  feet  should  be  substracted  from  the  values 
r  subsoils  with  40  to  60  percent  clay  if  the  B.  of  this  soil  is  underlain  by  a  B.,  B  ,  or  C  horizon  with  more  than  60 
rcent  clay. 

Silt  content:   All  site-index  values  are  for  soils  with  more  than  25  percent  silt  in  the  B,  horizon.   For  soils  with  less 
lan  25  percent  silt  substract  4  feet  from  the  Indicated  site-index  values. 
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Table  10.  -  Predicted  site  index  for  black  oak  in  southern  Indiana  (Hannah  1968) 

Depth of  surface  soil 

(Aj 

+  A 

horl zons — inches ) 
Position           :L ess  than:, 

4.0   
:'' 

.1-5. 0 5 

.1-6 

o; 

6.1-7 

.o;7 

.1-8. 0 8 

.1-9 

0 
Mo re  than 

9.0 
Ridges 48 54 60 66 72 79 87 

Upper  slopes  1-25  percent 
of  distance  from  ridge 51 

56 62 

68 74 

80 87 

Upper  raidslopes  26-50  per- 
cent of  distance  from  ridge 

56 

62 66 72 77 82 88 

Lower  raidslopes  51-75  per- 
cent of  distance  from  ridge 62 

67 

72 76 80 84 89 

Lower  slopes  76-99  percent 
of  distance  from  ridge 69 74 

78 

80 84 87 90 

Bottoms 73 77 

80 

83 86 88 91 

Stone  content:   All  site- index  values  are  for  relatively  stone-free  soils  (0  to 
30  percent  stone  in  B-  horizon);  for  stony  soils  (31  to  60  percent  stone  in  B.),  and 
very  stony  soils  (more  than  60  percent  stone  in  B~) ,  the  following  substractlons 
should  be  made: 

Site  index 
<60 

61-90 >90 

Stony  soil 

-2 -3 
-4 

Site  index Very  stony  soils 

<60 

-4 

61-75 

-5 

76-87 

-6 

>a7 

-7 

Subsoil  texture:   All  site-index  values  are  for  soils  having  less  than  40  percent 
clay  in  the  subsoil  (loams,  clay  loams,  silty  or  sandy  clay  loams,  and  silt  loams). 
For  soils  with  heavier  subsoil  textures  (more  than  40  percent  clay) ,  the  following 
substractlons  are  needed: 

Upper  subsoil  (B„  horizon)  has  less  than  40 
Site     percent  clay;  lower  subsoil  (B,,  B  ,  or  C 
index    horizon)  has  more  than  40  percent  clay 

(Reduction) 

<52  -2 
53-73  -3 
>74  -4 

All  subsoil  horizons 

Site        have  more  than  40 
index        percent  clay   

(Reduction) 

<57  -4 
58-69  -5 
70-80  -6 
>80  -7 

Texture  of  the  B  horizon:   Site-index  values  are  for  conditions  where  the  B^ 
horizon  and  those  underlying  it  have  the  same  general  texture.   Subtract  4  feet  ir  a 
B-  horizon  with  less  than  40  percent  clay  is  underlain  by  a  B.,  B  ,  or  C  horizon  with 
40  to  60  percent  clay.   Subtract  4  feet  if  a  B»  horizon  with  40  to  60  percent  clay  Is 

underlain  by  a  B-,  B  ,  or  C  horizon  with  more  than  60  percent  clay. 
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APPENDIX  II 

YIELD  TABLES 

Table  11.  —  Yields  per  acre  for  upland  oak;  no  thinning 
(Gingrich  1971) 

SITE  INDEX  55 

'Basal ■ 

:  Average 

Age 
)area  \ 

Trees :   tree 

: diameter' 

Yields 

Square 
Cubic Board 

Years 

feet 

No. 
Inches 

feet 

Cords 

feet 

20 
55 

2,500 

2.0 
60 0.6 __ 

30 
75 

1,260 

3.3 
583 5.3 

40 87 
790 4,5 

1,320 

12.1 — 
50 

97 
480 

6.1 

2,150 
19.7 400 

60 104 
357 

7.3 
2,520 

22.9 

900 70 108 

295 
8.2 

2,730 

24.4 

2,800 
80 

112 
242 

9.2 
2,880 

25.6 

5,400 
SITE  INDEX  65                    j 

20 59 
1.880 

2.4 

178 1.6 
— 

30 

81 
930 4.0 

1,200 

10.6 — 40 

96 

505 5.9 

1,840 

18.2 

440 
50 

105 342 
7.5 

2,800 

26.9 

2,150 
60 

111 262 8.8 

3,300 
30.8 

5,160 
70 115 

215 
9.9 

3,700 

33.3 

7,200 
80 117 

187 10.7 3.950 
35.6 

8,200 
SITE  INDEX  75                    i 

20 70 
1,425 

3.0 
694 6.4 

— 
30 

89 
680 

4.9 

1,670 
16.7 

— 
40 101 400 

6.8 

2,440 

23.7 

1,380 50 110 
279 8.5 

3,315 

30.1 

4,100 
60 114 222 

9.7 
4,140 

37.7 

9,288 
70 117 187 10.7 

4,760 
43.0 

11,200 
80 

120 166 11.5 

5,160 

46.5 
12,500 

The  diameter  of  the  tree  of  average  basal  area. 

Table  1 2.  -  Yields  per  acre  for  upland  oak:  first  thinning  at  age  10  (Gingrich  1971) 

SITE   INDEX   55 
Residual  stand Cut  s 

tand 1 
Age 

Basal 

area 

Average 
tree 

:diatiieter 

Yield 

Basal' 

area  \ 
Yield (cut  stand  plus 

residual  stand) 

Years Square Cubic Board 
Square 

Cubic Board Cubic Board 

;"eet Inches 

feet 

Cords 

feet feet feet 

Cords 

feet feet 

Cords 

feet 

10 
20 

20 
48 

1.9 
4.1 515 5.0 

— 
7 

25 — — 
540 5.0 

— 

30 58 5.9 
1,190 

9.9 
240 

20 345 
4.2 

— 

1.560 

14.1 240 
40 

64 
8.0 

1,640 15.0 
1,560 

19 350 
3.6 160 2,360 

22.8 

1,720 

50 
71 10.6 

1,990 
18.3 

3,800 
16 

415 4.4 590 

3,125 

30.5 

4,550 
60 75 13.0 

2,280 
20.7 

6,540 
16 

485 
4.9 

1,050 3,900 

37.8 

8,340 
SITI :  INDEX 

65 

10 
23 2.1 — — — — — 

20 51 4.5 775 
6.8 

— 8 
125 1.2 

— 
900 

8.0 
— 

30 59 6.4 
1,445 

13.1 

540 

25 

370 3.8 
— 

1,940 

18.1 

540 40 66 8.6 
1,920 

18.0 

2,280 

21 

465 
3.8 

280 

2,880 

26.8 

2,560 50 72 11.0 
2,340 

21.8 
5,250 

19 575 
5.2 970 

3,875 

35.8 

6,500 

60 76 13.7 2,655 
24.3 

8,940 18 

670 
5.8 

1,810 4,860 

44.1 

12,000 SITE :  INDEX 75 
10 25 

2.5 — — — — — — — — — — 
20 55 5.4 

1,060 9.6 
— 12 

200 

1.6 
— 

1,260 
11.2 

— 
30 62 7.4 

1,920 
17.5 

1,380 
30 

520 
5.2 

60 

2,640 

24.3 

1.440 

40 71 10.5 
2,550 

23.0 

4,840 
22 

610 5.6 
500 

3,880 
35.4 

5,400 

50 75 13.2 
3,025 

26.8 
10,300 

22 745 
6.8 

1,540 5,100 

46.0 
12.400 

60 78 15.5 
3,360 

29.7 
13,200 

21 

925 7.8 

3,540 6,360 

56.7 

18,840 
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Table  13. 
-  Yields 

per  acre  for  upland  oak;  first  thinning  at  age  20  (Gingrich  1971) 

SITE INDEX 

55 

Res: Ldual   stand Cut stand 

Age 
Basal 

area 

: Average 
:    tree 
:  diameter 

Yield 

Basal", 
area 

Yield (cut   stand   plus 
residual   stand) 

Years 
Square 

feet 

Inches 
Cubia 

feet 

Cords 

Board 

feet 

Square 

feet 

Cubia 

feet 

Cords 

Board 

feet 

Cubic 

feet 

Cords 

Board  % feet      1 

20 
34 

2.3 
60 0.6 60 0.6 — 

30 49 4.2 600 5.1 — 

15 

— 0.9 ~ 600 

6,0 

-- 
40 

58 
6.1 

1,220 
12.2 880 

16 
300 

2.9 

— 

1,520 

16.0 

880 

50 
66 8.6 

1,750 
16.0 

2,350 
15 300 3.2 

150 2,350 

23.0 

2,500 60 71 10.6 
1,980 

18.6 
3,960 

15 360 
3.2 570 2,940 

28.8 

4,680 70 74 
12.1 

2.170 
20.0 

5,810 
14 

370 

3.8 

820 

3,500 

34.0 
7.350 

SITE 
INDEX 65 [ 

20 37 2.8 160 1.6 — — 

18 

— — 
178 

1.6 

-  b 

30 50 4.6 
750 

7.4 — 20 132 
1.2 

— 
900 

8,6 i 
40 63 7.7 

1,760 
16.0 

1,320 

15 
290 

3.2 
— 

2,200 

20.4 

1,320  ) 

« 
50 

69 
9.8 2,150 

19.7 
3,500 

19 625 4.1 
400 

3,215 

28.2 

3,900  ) 
60 

73 12.0 
2,460 

22.5 

6,120 

18 
515 

4.4 

1,160 4,040 

35.4 

7,680  ) 70 77 14.6 2,730 24.2 
9,030 

16 520 4.9 2.010 
4.830 

42.0 
12.600  ) 

SITE INDEX 

75 

20 46 3.6 476 4.4 — — 218 2.0 
— 694 

6.4 
— 

30 57 5.6 
1,275 

13.0 — 
26 

307 3.6 
— 

1,800 

18.6 — 
40 66 8.4 

2,140 
19.8 

2,160 
21 

535 
4.8 

240 

3,200 
30.2 2,400  J 50 71 10.8 

2,600 
24.7 

6,450 
21 665 

5.4 

1,160 
4,325 

40.5 

7,850) 60 76 13.4 3,060 
28.5 

10,680 19 
615 

4.9 

2,020 5,400 

49.2 
14,100  1 

1 
70 79 16.3 

3,465 
31.5 

13,720 
19 

635 

5.2 2.740 6,440 

57,4 

19,880  ) 

« 

Table  14. 
-  Yields 

per  acre  for  upland  oak;  first  thinning  at  age  30  (Gingrich  1971) 

1 SITE INDEX 55 
Residual   stand Cut 

stand Cumulative   total 

yields* 

: Average 
:    tree 
: diameter 

Age 
Basal 
area 

Yield 

Basal.' 

area    " 

Yield (cut   stand  plus 
residual  stand) 

Years 
Square 

Cubic Board 
Square 

Cubic Board Cubic BoarM 

feet 

Inches 

feet 

Cords 

feet 
feet 

feet 

Cords 

feet 
feet 

Cords 

feet  1 

30 58 4,3 528 4.8 17 

55 

0.5 
583 

5,3 
Jl 

40 55 5,7 
1,120 

9,4 200 27 
265 

3.1 — 

1,440 

13,0 
200 

50 62 7.8 
1,600 

14.2 

1,500 

15 

330 

3.4 

— 
2,250 

21,2 

1,500 

60 67 10.2 
1,950 

17,4 

3,000 

15 310 
3.2 360 2,910 

27,6 

3,360 

70 
72 11.7 2,135 19,6 

5,040 12 
335 

3.1 
550 

3,430 

32,9 

5,950 

80 75 13,0 
2,280 

20.6 

8,000 
12 

345 3.7 

1,010 3,920 

37,6 

9,920 

1 
SITE INDEX 65 

30 62 4,9 
1,120 

9.6 — 20 

80 

1.0 
— 

1,200 
10,6 

— ' 

40 60 6.6 
1,520 

13.6 
640 

29 
400 

3.8 
— 

2,000 
18,4 640 50 67 

9.0 2,000 
18.5 

2,450 

18 

470 
4.2 — 

2,950 

27,5 

2,450 

60 72 11.2 
2,370 

21.5 
4,620 

17 
430 

3.9 
600 

3,750 
34,5 

5,220 

70 76 13.7 
2,660 23.8 

8,320 
16 440 

3.9 
1,510 

4,480 

40,6 

10,430 

80 78 16.1 
2,880 

24,8 
10,900 16 460 

4.0 

2,510 
5,160 

45,6 

15,520 
SITE INDEX 75 

' 

30 66 5.5 1,450 
14.0 — 

23 

220 
2.7 

— 

1,670 

16,7 
— 

40 62 7.1 
1,840 

17.0 
1,400 

34 

600 
5.5 — 

2,660 

25,2 

1,400 

50 68 9.7 2,400 22,8 
4,200 

20 
555 

5.0 

650 

3,775 
36,0 

4,850 

60 73 
12.4 

2 ,  880 
26,7 

7,980 
19 

515 
4.8 

1,450 4,770 

44,7 

10,080 

70 77 15.2 3,325 
29.8 

13,020 
17 

490 
4.4 

2,100 5,705 
52,2 

17,220  1 

80 80 17.7 
3,760 

31,6 15,440 16 500 
4,8 

3,400 6,640 
58,8 

23,040 

24 

.»^. 



Table  15. -  Yields 
per  acre 

for  upland  oak;  first  thinning  at  age 40  (Gingrich  1971) 

SITE INDEX 
55 

Residual  stand Cut   s tand 
Cumulative   total   yields 

: Average 
:    tree 
:  diameter 

Age 
Basal 
area 

Yield Basal 
area 

Yield (cut   stand 
residual   s 

plus 

tand) 

•ars Square Cubic Board 
Square     Cubic 

Board Cubic Board 

feet 
Inches 

feet 

Cords 

feet 
feet feet 

Cords 

feet 
feet 

Cords 

feet 

.0 63 5.0 
l.l'iO 

10.5 

24 

180 1.6 

1,320 

12.1 __ 
.0 62 7.4 

1,538 13.0 900 

23 282 

3.4 
— 

2,000 

18.0 

900 .0 67 9.1 
1,830 

15.6 
2,430 15 288 3.1 

270 

2,580 
23.7 

2,700 
■u 

72 11.0 
2,065 18.6 

4,445 
12 

300 

2.7 
465 

3,115 

29.4 

5,180 
;o 7A 12.7 

2,240 
21.6 

6,880 12 

350 
2.8 

865 

3,640 

35.2 
8,480 

iQ 76 13.8 2,430 
24.8 

9,180 
9 

355 
3.0 

1,100 4,185 

41.4 

11,880 SITE INDEX 65 
0 69 6.5 

1,600 
15.9 440 

27 240 
2.3 — 

1,840 

18.2 440 
0 66 8.5 

1,910 17.7 
1,800 

28 
410 4.0 200 

2,560 

24.0 

2,000 
0 70 10.4 2,200 

20.7 
4,200 

18 

400 

3.6 

280 

3,270 

30.6 

4,680 
0 74 12.4 

2,485 
23.1 

7,210 
16 

420 
3.7 

710 

3,955 
36.7 

8,400 
0 77 14.5 

2,720 
24.8 

8,960 

15 
410 4.0 

1,050 
4,600 

42.4 

11,200 0 79 16.5 2,925 
26.6 10,710 13 460 4.0 

1,630 5,265 

48.2 
14,580 

SITE INDEX 75 
0 73 7.4 2,130 

20.2 
1,380 

28 
300 3.0 

— 

2,440 

23.2 

1,380 

0 68 9.6 2,390 
21.8 

3,450 

31 
635 

6.2 
300 

3,325 
31.0 

3,750 
■0 73 11.6 2,730 

24.9 

7,680 
19 

625 

5.2 
1,020 4,290 

39.3 

9,000 
0 76 13.8 3,115 

28.0 
11,200 19 610 4.8 

1,620 5,285 

47.2 

14,140 li 0 79 16.5 
3,480 

30.8 
14,080 

17 
590 

5.2 2,340 6,240 
55.2 19,360 0 81 18.7 3,735 33.7 15,810 15 660 5.3 

3,000 
7,155 

63.4 24,120 

Table  16. -  Yields 
per  acre for  upland  oak;  first  thinning  at  age  50  (Gingrich  1971) 

SITE INDEX 55 

i 

^ge 

Residual  stand Cut stand 
Cumulative   total  yields 

(cut   stand  plus 
residual   stand) 

Basal 
area 

Average 
:    tree 
diameter 

Yield 
Basal 

area 
Yield 

tPS Square 
Cubic Board 

Square 

!     Cubic 
Board Cubic Board 

feet 
Inches 

feet 

Cords 

feet feet feet 

Cords 

feet feet 

Cords 

feet 

) 69 6.5 
\,bll 

14.9 400 28 523 4.8 

2,150 
19.7 

400 
1 ) 66 8.4 

1,710 
14.7 

1,350 

23 

317 3.9 
150 2,550 

23.4 

1,500 
,t ) 68 9.3 

1,855 15.4 
3,585 

15 280 
3.2 

165 
2,975 

27.3 

3,900 
,1 ) 71 10.5 

1,960 
18.0 

6,160 
12 

280 
2.1 

325 

3,360 
32.0 

6,800 

^ ) 73 11.5 
2,115 

20.0 

8,240 
10 220 

2.2 
620 

3,735 
36.2 

9,500 

'■> 74 12.7 
2,250 

22.8 
8,900 

9 230 
1.5 

1,240 4,100 

40.5 

11,400 SITE INDEX 

65 

D 75 8.0 
2,130 19.6 

1,850 
30 670 

7.3 

300 
2,800 

26.9 

2,150 
D 68 9.6 

2,130 
19.5 

4,090 
29 470 4.4 

210 

3,270 

31.2 
4,600 

D 70 10.4 
2,240 

20.6 
6,160 18 

400 
3.7 

330 

3,780 
36.0 

7,000 
3 74 12.2 2,480 

22.8 
8,240 14 

300 

2.6 

520 
4,320 

40.8 

9,600 

■i5 

77 14.8 
2,745 25.2 10,305 

12 

275 
2.7 935 

4,860 

45.9 

12,600 
79 17.0 

3,000 
28.5 

10,700 
10 

235 

1.8 
1,905 5,350 

51.0 14,900 
SITE INDEX 75 

0 78 9.0 
2,590 

24.4 

3,650 32 
725 5.7 

450 

3,315 

30.1 

4,100 
5 72 11.3 

2,700 
25.2 

6,300 
30 655 

6.8 
1,050 4,080 

37.7 
7,800 0 75 12.8 

2,965 26.8 
9,200 

19 475 
5.2 

1,100 4,820 
44.5 

11,800 b 77 14.1 
3,180 

29.0 
11,500 

18 

425 
4.8 

1,500 5,460 

51.5 

15,600 p 79 16.5 
3,620 31.4 13,000 

16 

420 4.6 

1,900 6,320 

58.5 
19,000 ij) 81 18.4 

3,880 
33.0 14,450 

14 

500 

4.9 

2,750 7,080 
65.0 

23,200 
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Table  17. 
-  Yields 

per  acre 
for  upland  oak;  first  thinning  at  age  60  (Gingrich  1971) 

SITE INDEX 55 

Age 

Residual   stand Cut   s tand Cumulative   total   yielc 

(cut   stand  plus         i 
residual   stand) 

Basal 
area 

: Average    : 
:    tree        : 
: diameter: 

Yield 

Basal ; 

area    ] Yield 

Years 
Square 

feet 

Inches 
Cubic 

feet 

Cords 
Board 

feet 

Square 

feet 

Cubic 

feet 

Cords 
Board 

feet 

Cubic 

feet 

Cords 

Soori 

feei\ 

60 76 8.2 
1,860 

17.1 780 

28 

660 
5.8 120 

2,520 

22.9 

901 

70 73 9.3 
1,960 

17.5 
2,345 

19 

285 

4.0 685 
2,905 

27.3 

3.15 80 70 10.3 
2,000 18.4 

4,320 
16 335 

3.0 
555 

3,280 
31.2 

5,68j 

90 72 11.3 
2,115 

19.3 

5,850 

10 
250 2.5 

530 

3,645 

34.6 

7,7/1 

100 74 12.3 2,200 
20.8 

7,300 

8 
270 

1.9 510 

4,000 

38.0 

9,7C( 110 75 13.2 2,310 
22.6 

8,580 

7 
235 2.0 

570 

4,345 

41.8 
11,55 

SITE 
INDEX 

65 

60 78 9.4 2,400 
22.2 

3,900 
33 900 8.6 

1,260 
3,300 

30.8 

5,16f 

70 75 10.2 
2,450 

22.1 

4,550 

23 

360 3.6 
770 

3,710 

34.3 

6,58C 80 73 12.0 
2,520 

23.0 

5,920 

20 

400 3.6 810 

4,180 

38.8 

8,76' 

90 77 14.1 
2,610 

23.8 

7,785 

13 
365 3.6 

895 

4,635 

43.2 

11,51. 100 
78 

15.5 2,650 
25.5 

9,850 
12 325 

3.1 
915 

5,000 

48.0 
14,50) 

110 80 17,2 
2,750 

26.6 
11,770 

9 345 3.1 960 
5,445 

52.2 17,38)1 
SITE 

INDEX 75 1 
60 

82 10.2 3,060 
27.0 

7,848 32 1,080 
10.7 

1,440 4,140 

'il.l 

9,281 
70 78 11.5 

3,150 
27.3 

8,540 

21 

460 
4.7 

870 

4,690 

42.7 

10,85' 

80 76 13.5 
3,320 

28.4 

9,760 

21 
420 

4.2 

1,290 
5,280 

48.0 

13,361 90 78 15.6 
3,510 

29.9 
10,935 16 425 

3.6 
1,665 5,895 

53.1 

16,201 100 80 17.2 
3,725 

31.5 
12,200 

13 

415 

3.3 

1,835 6,525 

58.0 

19,30ii 

110 82 19.1 
3,795 

33.0 
13,530 9 

445 

3.2 

1,920 7,040 

62.7 
22,55i| 

Table   18.  —   Yields  of  well-stocked  iinmanaged  mixed  oak  stands  in 

southern  Michigan  at  80 year s^  (Arend  and  Scholz  1969 J 

VERY   POOR   SITES 

D.b.h. 
class 

(Inches) 

:    Total   trees 
:             of 

:    all   species 

Basal 

\      area        \ 

Per 

acre  volume^ 

5-10 

11-13 
Total 

Number 

per  acre 

194 

36 

Sq.   ft. 

per  acre 

59.7 27.9 

Cu.   ft. 

838 
432 

Cords 

10.5 

5.4 

Bd.   ft. 

900 

200 87.6 

1,270 

15.9 

POOR  SITES                                                              1 5-10 

11-15 
Total 

174 59 53.9 47.3 
765 

1.003 

9.6 
12.5 2,535 

233 
101.2 

1,768 

22.1 

MEDIUM  SITES                                                               | 5-10 

11-22 
Total 

89 

81 

29.4 

86.5 
475 

1,944 

5.9 24.3 

5,650 170 115.9 
2,419 

30.2 
GOOD   SITES                                                              1 

5-10 

11-25 
Total 

81 

88 

21.7 

107.7 

414 

3,080 

5.2 
38.5 

11.440 
169 

129.4 

3,494 

43.7 

VERY  GOOD   SITES                                                          | 5-10 

11-24 
Total 

55 
95 

17.4 

125.4 
378 

5,130 

4.7 
64.1 

19.950 
150 142.8 

5,508 

68.8 

Adapted   from  Michigan  Agricultural   Experiment    Station 
Tech.    Bull.    236    (Gysel   and  Arend   1953). 

Cubic   foot  volume  based  on  main  stem,    less   bark;    cord 

volume  based   on  all  merchantable  wood    to  a   4-inch   top,    outside 

bark;    board   foot  volume  by   International   1/4-inch   log   rule. 
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Table  19.  -  Gross  yields  per  acre  of  normal  oak  stands 
in  southwestern  Wisconsin  (Gevorkiantz  and  Scholz 
1948) 

VERY  POOR  SITE 

Age   ; 

(Years)' 

Tota 1  volume 

Cubic  feet'  ' 

Cords^ 

Board  feet 
„    .,     3 ; Scribner 20 

480 — — 
40 

1,050 10 

— 
60 

1,550 
19 

550 
80 

2,000 
25 

2,500 100 
2,350 

29 

4,550 120 2,650 
33 

6,300 140 2,900 
36 7,600 160 3,050 38 8,500 POOR SITE 

20 650 1 — 
40 

1,350 
15 

— 
60 

1,950 

25 

2,300 
80 

2,550 
32 

6,400 
100 

3,050 38 9,600 120 
3,450 

42 
11,700 140 

3,750 

46 

13,150 
160 3,900 

49 
14,000 MEDIUM  SITE               | 20 

850 2 ~ 

40 
1,750 

21 

300 60 
2,550 

33 
4,700 80 

3,300 
41 

10,200 
100 

3,900 

49 

13,600 120 
4,350 

54 
15,800 

140 4,750 58 17,300 
160 4,950 

61 

18,500 
GOOD SITE 20 

1,000 
3 — 

40 

2,050 

25 

1,600 60 
3,050 

39 

7,600 
80 

3,950 
50 

13,400 
100 4,700 

59 

17,200 
120 

5,300 
66 

19,600 140 
5,700 

71 
21,000 

160 
5,950 

74 22,100 
VERY  GOOD  SITE               | 20 

1,150 
4 — 

40 
2,400 

30 2,800 60 
3,600 

46 

10,5  00 
80 

4,600 

59 

16,800 100 
5,500 

69 

21,100 120 
6,200 

77 

23,900 
140 6,700 

83 
25,500 

160 7,000 

87 

26,700 

'Gross  volume,    excluding  bark,    all 
trees   0.6   Inch   d.b.h.    and   larger. 

^Gross  volume,  excluding  bark  to 
top  diameter  of  4  inches,  all  trees  5 
inches   d.b.h.    and   larger. 

^Scaled   in  8   foot   logs.      If   scaled 
in  16-foot   logs,    reduce    table  values 
by   11  percent. 
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APPENDIX  III 

EVALUATING  STAND  DENSITY  AND 

GROWING  STOCK  QUALITY 

The  basic  data  needed  to  evaluate  stand  stocking  and 

quality  are  basul  area  and  number  of  trees  per  acre  (by 
size  class  and  growing  stock  quality  class).  Stocking 
percent  and  average  stand  diameter  are  determined  from 
figure  7  using  these  two  data  items.  The  charts  in  figure 
7  show  how  well  a  particular  stand  is  utilizing  its 
growing  space,  and  how  much  of  the  stand  can  be 
removed  in  an  intermediate  cut.  The  inventory  to  obtain 
these  data  is  left  to  the  discretion  of  the  user,  but  should 

be  intense  enough  to  provide  reliable  estimates  of  stand 

parameters.^  Four  size  classes  are  defined  as  follows: 
Mature  Timber  -  trees  that  have  reached  the  rotation 
diameter  desired  for  the  site. 

Sawtimber  -  trees  over  1 1  inches  d.b.h.  but  less  than 
the  rotation  diameter  desired  for  the  site. 

Poletimber  -  trees  6  to  11  inches  d.b.h. 
Small  Trees  ~  trees  2  to  6  inches  d.b.h. 

When  the  stand  inventory  has  been  completed, 

stocking  chart  can  be  used  to  determine  present  stock 
and  the  amount  of  basal  area  that  can  be  removed  i 

cut.  Assume   the   following  information  has  been 
tained  from  the  inventory: 

Site  class  55  to  74 

Rotation  diameter  objective  20  to  24  inches 

Number  of  trees  per  acre  -  220 
Basal  area  per  acre 

AGS        UGS       Cull 

Toil Mature  timber — — — — 

Sawtimber 32 2 3 

37 

Poletimber 18 2 1 

21i 
Small  trees 10 20 0 

30 

Total 60 24 

The  class  limits  were  selected  to  conform  to  com- 

monly accepted  usage,  but  may  be  changed  to  meet  the 
needs  of  the  user. 

Two  growing  stock  quality  classes  are  suggested  within 
three  of  the  above  size  classes.  (They  are  not  needed  in 
the  mature  timber  class  because  these  trees  are  ready  for 

harvest.)  These  quality  classes  are  good  or  "acceptable 

growing  stock"  (AGS)  and  "undesirable  growing  stock" 
(UGS).  AGS  trees  are  trees  of  good  form,  quality,  and 
species  that  would  be  satisfactory  crop  trees  in  the  final 

stand  on  the  site,  or  have  the  potential  of  yielding 
products  in  a  future  intermediate  cutting  within  20  to 
40  years.  UGS  trees  are  trees  that  are  salable  for 

products  or  that  might  eventually  be  salable  if  left  to 

grow,  but  because  of  form,  defect,  vigor,  or  species,  are 
not  wanted  in  the  stand. 

Cull  trees  are  trees  that  are  not  and  never  will  be 

merchantable  for  products  and  should  be  tallied  without 
regard  for  size  class. 

^  The  method  suggested  by  Roach  and  Gingrich  (1968) 
is  recommended.  Tree  size  classes  and  quality  classes  are 
the  same  as  they  suggest. 
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Referring   to   the  stocking  chart  (fig.  7),  locate 
point    where    total    basal    area    and   number    of 
intersect  to  find  the  current  stocking  percent  (80) 

average  stand  diameter  (8.6  inches).  Then  project  all 
parallel  to  the  line  denoting  8  inches  average  diametcM 
the  B  and  C  curves  to  find  the  basal  area  needed 

B-level  (64),  and  C-level  (50)  stocking.  Now,  compi 
the  basal  area  of  accepiable  growing  stock  from  the 
with  that  required  for  B  and  C  levels  determined 
the  chart. 

In  the  example,  there  are  60  square  feet  of  basal  aiJ 
in  acceptable  growing  stock,  not  quite  enough  for  B  le 
but  well  above  C  level.  Inspection  of  the  data  shows  ti 
stand  is  immature  but  no  single  size  class  contains  mci 

than  50  percent  of  the  basal  area.  The  sawtimber  a  il 
pole  classes  must  be  combined  to  form  the  main  stand  ' 
stand  to  manage.  Twenty-four  square  feet  of  basal  ai  \ 
can  be  removed  from  this  stand  in  an  intermediate  c  i 

without  falling  below  B-level  stocking  (88-24=64).  No  i 
that  not  all  culls  and  undesirable  growing  sto  \ 

(24+4=28)  can  be  removed  and  retain  B-ievel  stockii  ij 
(64-24=40).  The  cut  should  be  designed  to  remove  tl  \ 
cull  trees  and  as  much  undesirable  growing  stock  i 
possible  and  still  retain  uniform  spacing. 
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Figure  7.  ̂   Relation  of  basal  area,  number  of  trees,  and  average  tree  diameter  to  stocking  percent  for 
upland  central  hardwoods.  For  average  tree  diameters  7  to  15,  use  the  chart  at  left;  for  diameters  3  to  7, 
use  the  chart  at  right.  (Average  tree  diameter  is  the  tree  of  average  basal  area.)  On  both  charts  the  area 
between  curves  A  and  B  indicates  the  range  of  stocking  where  trees  can  fully  utilize  the  site.  Curve  C 
shows  the  lower  limit  of  stocking  necessary  to  reach  the  B  level  in  10  years  on  average  sites  (Gingrich 
1971). 
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APPENDIX  IV 

EVALUATING  THE  ADEQUACY  OF  OAK 
ADVANCE  REPRODUCTION 

To  evaluate  whether  the  oak  advance  reproduction  can 

adequately  reproduce  the  stand  a  survey  must  be  made. 
This  survey  can  be  made  at  the  same  time  that  the 
inventory  to  determine  stand  stocking  and  quality  is 
made.  In  fact,  the  number  of  overstory  trees  per  acre 
from  the  stand  stocking  inventory  is  needed  to  estimate 
the  number  of  stump  sprouts  per  acre  necessary  to 
compensate  for  oak  advance  reproduction  deficiencies. 
The  sample  form  (fig.  8)  can  be  used  to  record  the  tree 
count  needed  for  estimating  number  of  overstory  trees 

per  acre. 

Use  the  following  procedure  developed  by  Sander  et 
al.  (1976)  for  evaluating  oak  advance  reproduction: 

1.  Take  10  or  more  10-factor  angle  gauge  sample 
points  in  the  stand  being  examined.  At  each 

sample  point  tally  the  trees  on  a  1/20-acre  plot  by 
species  and  size  class  (overstory  inventory,  see 
sample  form,  figure  8). 

2.  Select  the  number  of  1/735-acre  plots  (4.3 
feet  in  radius)  to  use  in  the  advance  reproduction 
inventory  from  the  following  tabulation  according 
to  the  acreage  of  the  stand  being  examined: 

For  stand  size  Use  this  number  of 

(acres)  1/735-acre  plots 
<10  25 
10  to  30  40 
30  to  50  60 

3.  Distribute  these  1/735-acre  plots  uniformly 
throughout  the  stand. 

4.  On  each  1/735-acre  plot  look  for  oak  repro- 
duction stems  4.5  feet  tall  or  taller  and  less  than 

2.0  inches  in  diameter  at  the  ground  line  or  not 
over  1.5  inches  d.b.h.  (stems  larger  than  this 
should  be  considered  part  of  the  overstory  and 
tallied  as  such,  even  if  below  the  main  canopy).  If 
at  least  one  such  stem  is  present,  record  the  plot  as 
stocked.  If  no  such  stem  is  present,  record  the  plot 
as  not  stocked  (see  right  margin  of  sample  form, 
figure  8). 

5.  Compute  the  percent  of  plots  stocked.  If  59 

percent  or  more  are  stocked,  there  is  adequate  oak 

advance  reproduction  present;  no  further  calcula- 
tions are  necessary  and  the  stand  may  be  har- 

vested. 

6.  If  fewer  than  59  percent  of  the  plots  are 
stocked,  oak  advance  reproduction  is  inadequate 
to  reproduce  the  stand  if  it  is  cut.  But  the  standi 

could  still  be  reproduced  if  enough  stumps  of  the  ■ 
overstory  oaks  will  sprout  after  they  are  cut.  An  i 
example  of  how  to  compute  the  expected  number 

of  stump  sprouts  follows: 
a.  Assume  that  the  inventory  of  plots  provides  . 

the  data  on  the  sample  worksheet  (fig.  8). 

b.  Note  that  there  are  26  black  oaks  2  to  5  • 
inches  in  diameter  per  acre.  Multiply  26  by  0.85 

(from  table  20)  to  find  how  many  of  the  26  > 

stumps  would  be  expected  to  sprout.  26  x  0.85  = 
22.  Note  that  22,  number  of  expected  stump  i 

sprouts  per  acre  for  2-  to  5-inch  black  oaks,  is  i 
listed  at  the  bottom  of  figure  8. 

c.  Similarly,  compute  the  expected  number  of'' 
stump  sprouts  for  the  other  size  classes  of  black 

oak  (5  for  the  6-  to  11 -inch  class,  4  for  the  12-  to  > 
16-inch  class)  and  note  that  all  these  classes  sum  to  ' 
31.  Do  the  same  for  all  oak  species. 

d.  Summing  size  classes  for  all  oaks  gives  a  total  1 
of  124  expected  oak  stump  sprouts  per  acre  (fig.  8).| 

i 

7.  Note  that  the  sample  data  from  figure  2  gave 

17  plots  stocked  of  a  total  of  40,  or  43  percent  of 
plots  stocked  (determined  under  point  4  above). 
Go  to  the  tabulation  below  and  find  the  number 

of  stump  sprouts  required  in  combination  with 
I 

Table  20.  —  Expected  percentage  of  oak  stumps  that  wi 

sprout  after  cutting^ 
Size 
class :Black: Scarlet Northern 

White Chestnut (inches) :  oak  : 
oak 

red  oak oak 

oak 
2-5 

85 
100 100 

80 100 6-11 
65 

85 

60 

50 90 

12-16 20 50 

45 15 

75 

17-1- 

5 

20 

30 0 

50 ^Adapted    from  Roth   and  Hepting    (1943), 
Wendel    (1975),    Johnson    (1975),    and  unpublished 
data   at   Columbia,   Missouri. 

D.b.h.    class   of  parent   tree. 
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Slocked  plots  to  meet  minimum  stocking  require- 
ments at  the  next  lowest  percent  down  from  43 

(i.e.,  40).  Opposite  40  note  that  95  stump  sprouts 
are  needed  to  make  up  the  deficiency  in  advance 
reproduction. 

Stump  sprouts 
Stocked  1/735-acre required  (Number 

plots  (Percent^ ) per  acre) 

59 0 

55 19 

50 44 

45 69 

40 
95 

35 120 

30 145 

25 
170 

20 196 

15 221 
10 246 

//  the  percent  of  stocked  plots  lies  between  the 
percent  intervals,  use  the  lower  figure,  e.g.,  43  percent 
eked  plots  should  be  considered  40  percent. 

8.  Because  the  computed  value  (124)  exceeds 
the  tabulation  value  (95),  there  will  be  enough  oak 

stump  sprouts  to  make  up  the  advance  reproduc- 
tion deficiency.  Thus,  the  oak  component  of  the 

new  stand  will  be  adequate  and  the  old  stand  can 
be  harvested. 

9.  If  the  number  of  expected  stump  sprouts  does 

not  compensate  for  advance  reproduction  deficien- 
cies, harvesting  should  be  delayed  until  adequate 

oak  advance  reproduction  is  established  and 
reaches  the  minimum  size  of  4.5  feet  in  height. 

10.  Unless  the  stand  is  protected  or  the  wildlife 
controlled,  it  will  probably  be  impossible  to  get 

adequate  natural  oak  reproduction  in  areas  where 
deer  browsing  is  heavy  and  where  there  are  high 

populations  of  acorn-consuming  wildlife.  The 
alternative  is  to  plant  oak  seedlings  and  protect 
them  from  wildlife. 
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Sample 

point 
number 

10 

Total 
No. 

per acre 

No.  of 
stump 

sprouts 

per acre 

Dbh 
class 
2-5 
6-11 

12-16 

17+ 2-5 
6-11 

12-16 

17+ 2-5 
6-11 

12-16 

17+ 2-5 
6-11 

12-16 

17+ 
2-5 
6-11 

12-16 

17+ 2-5 
6-11 

12-16 

17+ 2-5 
6-11 

12-16 

17+ 
2-5 
6-11 

12-16 

17+ 2-5 
6-11 

12-16 

17+ 2-5 
6-11 

12-16 

17+ 2-5 
6-11 

12-16 

17+ Total 
2-5 
6-11 

12-16 

17+ Total 

Black 

oak 

White 
oak 

26 

18 

5A 22 

31 

60 

12 

82 
48 

58 

Scarlet 
oak 

Northern 

red oak 

24 

30 24 

28 

12 

Chestnut 

oak 

Other 

species 

26 
22 

14 

Date 

Compartment 1 
Stand 1 

1/735- 

acre  p 

Lots 

Total  No 

.   40 
Stocked H  n Not 

Stocked 
H     la 

;  • 

Percent 

Stocked 

43 

Adv.    Repro. 

Adequate        No 

Adv.    Repro.    +  stump 

sprouts  Adequate  Yes 

Total 

140 

48 

46 

240 

Total 

per 

acre 

\1    124 

> 
a 

:.bi 

I* 

liii 

111) 

lid 

Figure  8.  —  Example  tally  form  for  recording  on  ]/20-acre  plots  and  number  of  J /735-acre  plots  stocked 
with  advance  oak  reproduction. 
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APPENDIX  V 

MISCELLANEOUS 

Metric  Conversion  Factors 

convert to Multiply  hy 

res Hectares C.405 

ard  feet' Cubic  meters 0.005 

ard  feet/acre' Cubic  meters/hectare 0.012 
ains Meters 20.117 

rds' 
Cubic  meters 2.605 

rds/acrc' 
Cubic  neters/hectare 6.A37 

bic  foct Cubic  meters 0.028 
bic  feet/acre Cubic  n:etcrE/hectare 0.070 
Crees  Fahrenheit Degrees  Celsius 
et Meters 0.305 

lions Liters 3.785 
lions/acre Liters/hectare 9.353 

ches Centiiretcrs 2.540 
les Kilometers 1.609 

les/hour Meteru/second 0.447 

mber/acre Number /hectare 2.471 
nces Grams 28.350 

nces/acre Grams/hectare 70.053 
'unds Kilograms 0.454 
|unds/acrc Kilograms /hectare 1.121 

' unds/gallon Kilograms /liter 0.120 
uare  feet 

Square  rat-tevs 
0.093 

uare  feet/acre Square  metors/hectare 0.230 

Ins Metric  tons 0.907 
Ins/acro Metric  tonr./hc-ctnre 2.242 

'The  conversion of  board  feet  and  cords 

to 

cubic 

■ ters  can  only be  a pproximate;  the  factors are based 

an  assumed  5. 663 board  feet  (log  scale)  p 
er 

cubic 
ot  and  a  cord with 92  cubic  feet  of  soUd material. 

^To  convert 

°F 

to  °C,  use  the  formula  5 

/9 

(°F-32) 

°F-32. 
1.8 

Common  and  Scientific 

Names  of  Plants  and  Animals 

Plants 

Anthracnose      Gnomonia  quercina 
Ash,  white     Fraxinue  americana 
Aspen   Populus   spp. 
Basswood,  American     Tilia  americana 
Blackgum     Nyssa  sylvatioa 
Blister,  leaf   Taphina   spp. 
Butternut      Juglans  ainerea 
Blueberry     Vacoinium   spp. 
Cankers   Stmmella   spp. Neotria   spp. 

Cherry,  black     Frunus  serotina 
Dogwood,  flowering   Comue  ftorida 
Elm,  American     Ulmus  ameriaana 
Hazelnut     Corylus  americana 
Heartrots     Poria   spp. Sterewn   spp. 

Hericuvn   spp. 
Irpex   spp. 

Polyporus   spp. 
Hophornbeam,  eastern     Ostrya  virginiana 
Hornbeam,  American     Carpinus  caroliniana 
Maple,  red   Acer  rubnan 
Maple,  sugar     Acer  saccharum 
Oak,  black     Quereus  velutina 
Oak,  blackjack     Quereus  marilandica 
Oak,  bur     Quereus  macrocarpa 
Oak,  chestnut      Quereus  prinus 
Oak,  northern  red   Quereus  rubra 
Oak,  post   Quereus  stellata 
Oak,  scarlet     Quereus  coccinea 
Oak,  white   Quereus  alba 
Sassafras      Sassafras  albidum 
Walnut,  black      Juglans  nigra 
Wilt,  oak      Ceratocystis  fagaaearum 
Wltchhazel     Hammamelis  virginiana 
Yellow-poplar      Liriodendron   tulipifera 

Animals 

Bobcat   Lynx  rufus 
Borer,  red  oak     Enaphalodes  rufulus 
Borer,  white  oak     Goes   tigrinus 
Carpenterworm     Prinoxystus  robiniae 
Caterpillar,  forest  tent     Malacosoma  disstria 
Caterpillar,  variable  oak  leaf  ....  Heterocampa  manteo 
Chipmunk,  eastern      Tamias  striatus 
Deer,  white-tailed     Dama  virginiana 
Fox,  red   Vulpes  vulpee 
Grouse,  ruffed     Bonasa  umbellus 
Moth,  gypsy     Porthetria  dispar 
Oakworm,  orangestriped     Anisota  senatoria 
Oppossum     Didelphis  marsupialis 
Raccoon      Procyon   lotor 
Roller,  oak  leaf     Arehips  semiferanus 
Root  rot     Armillaria  mellea 
Skunk   Mephitis   spp. 
Squirrel,  fox     Sciurus  niger 
Squirrel,  gray     Sciurus  oarolinensis 
Tier,  oak  leaf   Eroesia  albicamana 
Turkey,  wild     Meleagris  gallopavo 
Weevils,  acorn     Curculis   spp. 
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PESTICIDE  PRECAUTIONARY  STATEMENT 

Pesticides  used  improperly  can  be  injurious  to  man,  animals,  and  plants.  Follow  the 
directions  and  heed  all  precautions  on  the  labels. 

Store  pesticides  in  original  containers  under  lock  and  key  —  out  of  the  reach  of  children 
and  animals  —  and  away  from  food  and  feed. 

Apply  pesticides  so  that  they  do  not  endanger  humans,  livestock,  crops,  beneficial 
insects,  fish,  and  wildlife.  Do  not  apply  pesticides  when  there  is  danger  of  drift,  when 
honey  bees  or  other  pollinating  insects  are  visiting  plants,  or  in  ways  that  may 
contaminate  water  or  leave  illegal  residues. 

Avoid  prolonged  inhalation  of  pesticide  sprays  or  dusts;  wear  protective  clothing  and 
equipment  if  specified  on  the  container. 

If  your  hands  become  contaminated  with  a  pesticide,  do  not  eat  or  drink  until  you  have 
washed.  In  case  a  pesticide  is  swallowed  or  gets  in  the  eyes,  follow  the  first-aid  treatment 
given  on  the  label,  and  get  prompt  medical  attention.  If  a  pesticide  is  spilled  on  your  skin 
or  clothing,  remove  clothing  immediately  and  wash  skin  thoroughly. 

Do  not  clean  spray  equipment  or  dump  excess  spray  material  near  ponds,  streams,  or 
wells.  Because  it  is  difficult  to  remove  all  traces  of  herbicides  from  equipment,  do  not  use 
the  same  equipment  for  insecticides  or  fungicides  that  you  use  for  herbicides. 

Dispose  of  empty  pesticide  containers  promptly.  Have  them  buried  at  a  sanitary 
land-fill  dump,  or  crush  and  bury  them  in  a  level,  isolated  place. 

Note:  Some  States  have  restrictions  on  the  use  of  certain  pesticides.  Check  your  State  and 
local  regulations.  Also,  because  registrations  of  pesticides  are  under  constant  review  by 
the  Federal  Environmental  Protection  Agency,  consult  your  county  agricultural  agent  or 
State  extension  specialist  to  be  sure  the  intended  use  is  still  registered. 
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FOREWORD 

This  is  one  of  a  series  of  manager's  handbooks  for  important  forest 
types  or  species  in  the  north-central  States.  The  purpose  of  this  series  is 
to  present  the  resource  manager  with  the  latest  and  best  information 
available  on  handling  these  types.  Timber  production  is  dealt  with  more 
than  other  forest  values  because  it  is  usually  a  major  management 
objective  and  more  is  generally  known  about  it.  However,  ways  to 
modify  management  practices  to  maintain  or  enhance  other  values  are 
included  where  sound  information  is  available. 

The  authors  have,  in  certain  instances,  drawn  freely  on  unpublished 

information  provided  by  scientists  and  managers  outside  their  special- 
ties. They  are  also  grateful  to  the  several  technical  reviewers  in  the 

region  who  made  many  helpful  comments. 

The  handbooks  have  a  similar  format,  highlighted  by  a  "Key  to 
Recommendations".  Here  the  manager  can  find  in  logical  sequence  the 
management  practices  recommended  for  various  stand  conditions. 
These  practices  are  based  on  research,  experience,  and  a  general  silvical 
knowledge  of  the  predominant  tree  species. 

All  stand  conditions,  of  course,  cannot  be  included  in  the  handbook. 

Therefore,  the  manager  must  use  technical  skill  and  sound  judgment  in 
selecting  the  appropriate  practice  to  achieve  the  desired  objectives.  The 
manager  should  also  apply  new  research  findings  as  they  become 
available  so  that  the  culture  of  these  important  forest  types  can  be 
continuaUy  improved. 



CONTENTS 
Page 

KEY  TO  RECOMMENDATIONS        1 
GENERAL  CONSIDERATIONS    1 

Management  Objectives    1 
Habitat  Conditions        1 
Associated  Trees  and  Shrubs        2 

Reproduction  and  Early  Growth        2 
SapHng  Stage  to  Maturity    3 
Site  Evaluation        3 

Nutrient  Requirements  and  Fertilization        3 
Protection  from  Damaging  Agents         4 

PLANTING         6 

Spacing        6 
Site  Preparation    7 
Plant  Material    8 

Planting  Method    8 
ESTABLISHMENT  AND  ENSURING  GOOD  FORM     .  9 

Weed  Control    9 

Maintaining  Stem  Form    9 
Fertilization    11 

Intercropping    11 
MAINTAINING  QUAUTY  AND  GROWTH    12 

Pruning        12 
Thinning         13 
Fertilization    14 

Intercropping    14 
SINGLE  TREE  CULTURE    14 

Release        14 

Pruning        15 
Fertilization    15 

HARVESTING    15 

Product  Specification    15 
Grou'th  and  Yield    15 

Regeneration        16 
APPENDIX    17 

Stocking  Guide  Example        17 
Metric  Conversion  Factors         19 
Common  and  Scientific  Names  of  Plants 
and  Animals    19 

PESTICIDE  PRECAUTIONARY  STATEMENT    ....  20 
LITERATURE  CITED  AND  OTHER  REFERENCES    .  21 



BLACK  WALNUT 

Richard  C.  Schlesinger,  Principal  Silvicitlturist 
and 

David  T.  Funk,  Principal  Plant  Geneticist 
Carbondale,  Illinois 

KEY  TO  RECOMMENDATIONS 

The  following  key  is  intended  to  facilitate  quick  access 
recommendations  covering  any  site  or  stand  likely  to 

;  encountered  in  walnut  management.  It  is  important 

that  the  management  objectives  be  clearly  in  mind 
before  entering  the  key  (Management  Objectives, 
below). 

Poor  or  questionable  walnut  site       CONSIDER  OTHER  SPECIES  (see  p.  3) 
Good  walnut  site  (site  index  40  or  more)   2 

2.     No  walnut  trees            PLANT  OR  SEED  (see  p.  6) 
2.     Walnut  trees  present       3 

Trees  less  than  10  feet  (3m)  tall   CONTROL  WEEDS  AND  IMPROVE  FORM  IF  NEEDED  (see  p.  9) 
Trees  taller  than  10  feet  (3m)   4 

4.     Scattered  walnut  trees  in  natural  stands,  pastures,  or  fence  rows   .  .    MANAGE  INDIVIDUAL  TREES  (see  p.  14) 
4.     Walnut  plantations  or  pure  natural  stands       5 

Product  goals  attained        HARVEST  AND  REGENERATE  (see  p.  15) 
Product  goals  not  attained       THIN,  PRUNE,  AND/OR  FERTILIZE  AS  NEEDED  (see  p.  12) 

GENERAL  CONSIDERATIONS 

The  decision  to  grow  and  manage  black  walnut  should 
;  based  upon  the  following  questions.  First,  are  the 
)ils  and  climate  in  the  management  area  suitable  for 
alnut;  that  is,  is  it  biologically  possible  to  grow  walnut? 

bcond,  are  the  resources  available  to  invest  in  manage- 
lent;  that  is,  is  it  economically  feasible?  And,  finally, 
hat  are  the  interests  of,  and  the  other  management 
ptions  available  to,  the  landowner;  that  is,  is  it  desirable 

)  manage  walnut?  This  handbook  will  address  primarily 
16  biological  question. 

Management  Objectives 

In  the  following  tabulation,  likely  management  op- 

ens are  indicated  by  an  "X";  those  marked  with  a 
uestion  mark  would  be  feasible  only  in  special  situa- 
ons. 

Timber  & 

Multi- 

Timber Nuts 

cropping 

"Bare"  land 
X X X 

Newly  established 

plantation 
X X 7 

Previously  unmanaged 

plantation 
X X ? 

Young  natural  stand 
—many  walnut X X ? 
—few  walnut X — - 

Older  natural  stand 
—many  walnut X X - 

—few  walnut X — — 

Habitat  Conditions 

The  frost-free  season  within  the  range  of  black  walnut 

(fig.  1)  varies  from  140  days  in  the  north  to  280  days  in 
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Figure    1.   -  Natural  range  for  black  walnut,  Juglans 

nigra. 

western  Florida.  Annual  precipitation  in  this  region 

varies  from  less  than  25  inches  (64  cm)  in  northern 

Nebraska  to  70  inches  (178  cm)  or  more  in  the 

Appalachians  of  Tennessee  and  North  Carolina.  Temper- 

atures as  low  as  -45° F  (-43°C)  have  occurred  where 
walnut  grows. 

Associated  Trees  and  Shrubs 

Black  walnut  grows  in  many  of  the  mixed  mesophytic 

forests  but  is  seldom  abundant.  It  generally  is  found 

scattered  among  other  trees;  pure  stands  are  of  limited 

extent,  usually  found  on  the  edge  of  the  forest.  Chief 

associates  include  yellow-poplar  (see  Appendix,  p.  19, 
for  list  of  scientific  names),  white  ash,  black  cherry, 

basswood,  beech,  sugar  maple,  oaks,  and  hickories.  The 

eastern  redcedar-hardwood  type  of  Kentucky  and 

central  Tennessee  often  contains  a  relatively  high  per- 
centage of  black  walnut.  Near  the  western  limits  of  the 

tree's  range,  it  may  be  confined  to  floodplains  and  occur 
either  with  American  elm,  hackberry,  green  ash,  and 

boxelder,  or  with  basswood  and  red  oak  on  lower  slopes 
and  other  favorable  sites. 

No  universal  plant  indicator  of  a  good  black  walnut 

site  is  known,  but  the  presence  of  Kentucky  coffeetree 

seems  to  indicate  a  suitable  site  for  walnut.  In  general, 

where  yellow-poplar  or  white  ash  grow  well,  black 
walnut  also  thrives. 

An  antagonism  between  black  walnut  and  many  other 

plants  growing  within  its  root  zone  has  been  recognized 

and  is  attributed  to  a  toxic  substance,  juglone,  which  is 

present  in  black  walnut  leaves  and  especially  in  roots  and 

nut  hulls.  Plants  known  to  be  affected  include  tomatoes, 

alfalfa,  and  many  coniferous  species. 

Reproduction  and  Early  Growth 

Flowering  and  Seed  Production 

Depending  somewhat  on  latitude,  black  walnut  flow*  jiou 

generally  appear  between  mid-April  and  mid-June.  II  Utc 
large,  edible  fruit  ripens  in  September  or  October  of  t 

same  year,  usually  dropping  shortly  after  the  leaves  f 

Seed    crops    are    produced    most    commonly    in 

alternate-year  cycle,  but  some  trees  bear  annually,  oth 
in    1    or   2  years  out   of  each  3,  and  many  with 

regular  pattern  at  all.  Although  open-grown  trees  p 
duce  some  seed  as  early  as  4  years  after  planting, 

minimum  seed-bearing  age  for  commercial  quantities 
seed  is  about  12  years.  Best  seed  production  begins  wlf 

the   trees  are   about   30  years  old  and  continues 

another  100  years. 

(»d. 

The  large,  distinctively  flavored  nuts  furnish  food 

squirrels  and  make  up  as  much  as  10  percent  of  the  c 

of  eastern  fox  squirrels.  Many  nuts  buried  by  squiri 

are  not  recovered,  and  some  sprout  and  establ 

additional  trees,  particularly  on  the  fringes  of  exist 
stands. 
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Seedling  Development 

Many    black   walnut   seedlings  germinate   from  nn  ij^j 

buried   by   squirrels   in   the   fall.  Normal  freezing  ii  ̂  

thawing  usually  will  cause  the  seeds  to  break  dormaai  y, 

the  following  spring,  but  germination  may  be  delayv 
sometimes  until  the  second  year. 

Iioiit 

Most  seedlings  emerge  between  late  April  and  qh  ̂ ^^ 

June  of  the  first  or  second  spring  after  seeding.  Althoi 
black  walnut  does  not  make  as  rapid  height  growthl 

yellow-poplar  and  white  ash  on  good  sites,  it  generic 
surpasses  the  oaks.  In  eastern  Nebraska,  near  the  west 

limits  of  its  range,  walnut  made  much  better  hei 

growth  than  oaks  and  basswood  on  a  prairie  site 

developed  an  excellent  root  system  and  was  several  tii  'jf  M 

the  height  of  the  other  trees. 

Height  growth  begins  rather  slowly  in  the  sprr  *» 
reaches  a  peak  rate  in  May  or  early  June ,  and( 

essentially  complete  by  the  middle  of  July  or  the  firss 

August.  Diameter  growth  peaks  in  July  and  continn  * 

into  mid- August;  root  growth  ends  in  mid-Septemben  lis 
general,  black  walnut  loses  its  leaves  somewhat  earn 

than  other  trees  and  over  its  range  has  a  growth  pew  "sit 

of90to  135days.  *«! 

u 



^egetative  Reproduction 

If  small  black  walnut  trees  up  to  age  20  or  30  are  cut 
r  killed  back  by  fire,  the  stumps  usually  sprout  freely; 

"*  jrouting  is  more  erratic  from  stumps  or  trees  from  age 
■lO  to  40.  Stumps  usually  sprout  at  or  about  ground 
oft  vel. 

Sapling  Stage  to  Maturity 

Trees  130  feet  (40  m)  tall  and  over  8  feet  (2.5  m)  in 
iameter  at  age  250  have  been  reported  in  Wisconsin.  In 
idiana,  black  walnut  trees  were  150  feet  (46  m)  in 
ight  and  6  feet  (1.8  m)  in  diameter  on  the  most 
vorable  sites. 

k[ 

ssl 

eaction  to  Competition 

Black  walnut  is  an  intolerant  tree.  In  mixed  forest 

ands,  it  must  be  in  a  dominant  or  codominant  position 
maintain  itself,  although  it  has  survived  and  grown  in 

le  relatively  light  shade  of  black  locust.  Near  the 
estern  limits  of  its  range,  black  walnut  may  be  part  of 

le  elm-ash-hackberry  type  that  succeeds  pioneer  trees 
eluding  willow,  eastern  cottonwood,  and  boxelder  on 
jttomlands. 

Open-grown  trees  tend  to  retain  their  lower  branches 
"'  definitely.  Heavy  artificial  pruning  is  impractical  be- 

use   of  sprouting   from   dormant  buds.  Sprouting  is 
rectly  related  to  the  amount  of  light  reaching  the  bole; 
ore   branches   may  be  removed  from  trees  in  dense 

ands    than    from   open-grown   trees.   Dominant   trees 
irout  less  than  intermediates.  Trees  that  are  drastically 

!•  leased    from    competition    may    develop    epicormic 
Ittii  anches. 
3*4 

jiiei 
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Site  Evaluation 

Black  walnut  is  sensitive  to  soil  conditions,  developing 

St  on  deep,  well-drained,  nearly  neutral  soils  which  are 
nerally  moist  and  fertile.  This  species  is  common  on 
nestone  soils  and  grows  especially  well  on  deep  loams, 

J,  ess  soils,  and  fertile,  well-drained  alluvial  deposits. 
i 

Ij  Failure    to   consider   site   quality   is   a   common   and 
(j  rious  mistake  in  walnut  management.  A  thorough  soil 

ju  .amination  by  a  soils  specialist  is  the  best  procedure.  A 
IS  accurate,  but  generally  useful,  method  is  to  deter- 

,  ̂   ine  site  quality  from  index  curves  (fig.  2),  if  there  are 

']alnut  trees  1 5  years  of  age  or  older  on  the  area.  Do  not 
anage  for  walnut  if  the  site  index  is  less  than  40. 

If  there  are  no  walnuts  of  sufficient  age  for  site  index 
determination,  analyze  the  topography  and  soil  to  assess 
site  quality.  In  strongly  rolling  and  mountainous  areas, 
landscape  position  and  slope  aspect,  as  well  as  soil 
characteristics,  are  important  in  site  selection.  The  better 

growing  areas  are  typically  located  on  the  lower  north- 
and  east-facing  slopes,  stream  terraces,  and  floodplains. 

Avoid  steep,  south-  and  west-facing  slopes  and  narrow 
ridgetops. 

In  smooth  and  gently  rolling  areas,  soil  characteristics 
are  more  important  than  landscape  position.  The  three 
most  important  soil  factors  for  walnut  are  texture, 
depth,  and  drainage.  Either  use  a  soil  auger  or  dig  a  soil 
pit  to  check  soil  characteristics  to  a  depth  of  3  feet  (I 

meter)  (see  Appendix,  p.  19,  for  metric  conversions). 
The  topsoil  should  be  a  sandy  loam,  loam,  or  silt  loam, 
while  the  subsoil  should  be  one  of  the  above  or  a  sandy 

clay  loam  or  clay  loam.  Soils  derived  from  limestone 
with  silt  loam  over  clayey  subsoils  are  good  planting 
sites.  Soils  with  acid  clayey  subsoils  should  be  avoided, 
as  should  soils  with  coarse  sand  or  gravel  layers  or 
bedrock  within  2.5  feet  (0.8  meters)  of  the  surface. 

A  uniform  brown,  yellowish-,  or  reddish-brown  color 
to  3  feet  or  more  indicates  satisfactory  drainage.  Avoid 
soils  with  evidence  of  mottling  within  2.5  feet  of  the 
surface.  A  soil  with  red,  yellow,  or  gray  spots  (mottles) 

or  a  uniform  gray  color  generally  indicates  slow  to  very 
slow  internal  drainage. 

Nutrient  Requirements  and  Fertilization 

If  walnut  trees  are  growing  on  the  proposed  site,  their 
foliage  can  be  checked  for  any  serious  deficiency 
symptoms  (table  1).  Chemical  analysis  of  foliage  can 
diagnose  less  extreme  nutrient  deficiencies  that  have  no 
visible  symptoms  and  also  suggest  if  the  trees  will 
respond  to  fertilization  (table  2).  Not  much  is  yet 
known  about  fertilization.  Field  fertiUzation  research 

has  been  conducted  only  with  the  macro-nutrients  (N,  P, 
K,  Ca),  with  variable  response.  It  is  not  possible  to  make 
specific  recommendations  for  specific  soils  at  the  present 
time,  but,  in  general,  nitrogen  fertilization  appears  to  be 

most  promising.  Fertilization  of  pole-size  trees  is  likely 
to  provide  the  best  economic  returns.  It  may  be 

necessary  to  refertilize  every  5  years  or  so  in  order  to 
maintain  growth  stimulation.  Fertilization  should  be 
considered  a  supplement  to  other  cultural  practices,  and 
cannot  be  expected  to  compensate  for  other  limiting  soil 
factors  such  as  poor  moisture  conditions. 
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Figure  2. 

Protection  from  Damaging  Agents 

Although  older  black  walnut  trees  are  quite  windfirm 
and  not  easily  damaged  by  ice  or  windstorms,  young 
trees  are  susceptible  to  top  breakage  during  early 
summer  storms  while  the  new  growth  is  still  succulent. 

35  45 
AGE  (YEARS) 

Black  walnut  site  index  curves. 

Numerous  insects  and  diseases  attack  black  walrlr. 

but  the  "big  three"  for  the  grower  are  the  walil 
caterpillar,  the  bud  borers  and  casebearers,  and  anthiii 
nose.  The  black  walnut  caterpillar  is  a  defolial: 
Damage  varies  from  year  to  year,  but  repeated  defo 
tion  can  lead  to  the  death  of  the  tree.  Bud  borers  ii 



Table  1 .  -  Deficiency  symptoms  for  various  nutrients  in  leaves  of  black  walnut  seedlings^ 

Nutrient Most  apparent  deficiency  symptoms 

N        Leaflets  and  rachls  small.   Leaflets  yellow  to  yellow-green, 
veins  yellow.   Leaflets  have  a  crinkly  appearance.   Number 
of  leaflets  reduced. 

P        Leaflets  and  rachis  small.   Yellowish  rachls.   Chlorotic 
areas  on  the  leaflets  between  veins.   Lateral  leaflets 
exhibit  bronzing.   Number  of  leaflets  reduced. 

K        Leaflets  light  yellowish  green  with  marginal  yellowing, 

especially  at  tips.   Rachis  yellow-green  to  yellow.   Leaves 
small.   Number  of  leaflets  reduced. 

Ca       Leaves  very  small.   Leaflets  have  chlorotic  areas  and  patches 
of  light  green  to  yellow.   Terminal  leaflet  has  tip  burn. 
In  extreme  case,  leaf  loses  practically  all  green  coloring 
and  appears  bleached  and  whitish.   Number  of  leaflets 
reduced. 

Mg       Leaf  size  about  normal.   Some  small  chlorotic  areas. 

Leaflets  yellow-green  to  light  green.   Veins  remain  green. 
Number  of  leaflets  normal. 

S        Leaves  small.   Leaflet  color  pale  green  to  almost  bleached 
white.   Veins  near  base  of  leaflet  darker  green  than  other 
leaflet  tissue.   Rachis  green  to  purplish.   Number  of 
leaflets  normal. 

Fe       Similar  to  sulfur  except  less  reduction  in  leaflet  size 

and  veins  remain  green  especially  adjacent  to  the  mid-vein. 
Leaflet  surface  smooth.   Number  of  leaflets  normal. 

Mn       Leaf  size  about  normal.   Rachis  is  brownish,  basal  leaflets 
show  bleaching  along  margins,  and  overall  leaf  color  is 
yellow-green.   Number  of  leaflets  normal. 

Hacskaylo,  Finn,  and  Vimmerstedt,  1969. 

Table  2.  -  Tentative  critical  foliar  nutrient  levels^  for 
diagnosing  nutrient  deficiencies  in  black  walnut  trees 

Deficient Intermediate Adequate        j 
Nutrient 

(will  probably 
(may  or 

may  not 
(will  p 

robably  not 

respond  to respond  to 

resp 

and  to 

fertilization) fertilization) fertil ization) 

■  -  -  Percent  -  -  - 

N below  2.00 

2.00  - 

2.60 over 
2.60 

P .10 

.10  - 

.25 
.25 

K 
.75 

.75  - 

1.30 1.30 
Ca 

.50 

.50  - 

1.10 1.10 

Mg 

.15 

.15  - 

.45 .45 
S .05 

.05  - Parts  per 

.25 

million 

.25 

Fe 40 

40  - 

100 -- 100 Mn 
30 

30  - 

80 " 80 
B 20 

20  - 

50 

II 

50 

Zn 15 

15  - 

50 

" 

50 
Cu 5 

5  - 

10 " 10 
Mo .05 

.05  - 

.10 
.10 

Based  on  analyses  of  mature  leaves  collected  about 

mid-August  (Phares  and  Finn  1971) , 



casebearers  are  particularly  important  during  the  early 

years  of  plantation  establishment,  boring  into  the  buds 

and  causing  forking  of  the  main  stem.  Anthracnose  is  a 

leaf  spot  disease  that  may  cause  premature  leaf  drop  and 

loss  of  growth,  and  may  induce  the  degrade  of  nut 

quality  known  as  'ambers'. 

Adults  of  the  walnut  caterpillar  are  present  during  the 

spring  and  summer.  They  are  stout-bodied  moths,  have 
wingspreads  of  about  2  inches,  and  are  dull  brown  to 

chestnut  brown  in  color.  Egg-laying  begins  in  June,  the 
eggs  being  deposited  in  masses  on  the  underside  of 

leaves.  The  larvae  feed  in  colonies.  Full-grown  larvae  are 

up  to  2  inches  long,  black  with  longitudinal,  yellowish 

stripes,  and  covered  with  long  white  or  dirty  gray  hairs. 

Insect  parasites  and  birds  control  them  naturally  to  a 

hmited  extent.  The  least  expensive  direct  control  mea- 
sure is  to  destroy  the  colonies  of  larvae  by  removing 

them  from  the  tree  and  burning  or  squashing  them. 

Several  species  of  bud  borers  and  casebearers  have 

been  found  on  black  walnut.  Although  at  some  stage  in 

their  Ufe  cycle  they  feed  on  the  leaves,  the  major  damage 

is  to  the  buds  and  developing  shoots,  and  can  be 

mistaken  for  frost  injury.  In  either  case,  killing  of  the 

terminal  bud  or  shoot  often  results  in  the  development 

snail 

of  more  than  one  lateral  bud.  Control  measures  have  n 

yet    been    developed.    Ways   to   improve    the    form 
affected  trees  are  discussed  on  page  9. 

Anthracnose  leaf  spot  appears  as  irregular  circular  da.  jvaiit: 

spots  scattered  over  the  leaflets  early  in  the  summer.  T  itpla 

spread  of  anthracnose  is  more  rapid  during  wet  weath  i  «jiiiie 
hifection  can  be  heavy  enough  to  blight  most  of  the  k 

and  cause  it  to  drop  prematurely.  How  much  it  affen 

tree  growth  has  not  been  determined.  It  is  believed  tFi 

nut  crop  failures  in  some  cases  may  be  directly  attrib'i 
able  to  anthracnose,  and  control  may  be  necessary  I 

the  production  of  nuts.  Control  is  possible  through  t 

application    of   fungicides,    such    as   Cyprex    which 

presently  registered,  or  Benlate  (registered  only  for  i 

on  nonbearing  trees).' 

I  loWU: 

Fire  is  another  threat  to  black  walnut.  Although  t 

evidence  of  damage  following  a  ground  fire  is  rn 

immediately  apparent,  the  living  tissue  directly  bene, 

the  bark  can  be  killed  by  the  high  temperatures.  TT 

bark  itself  may  remain  in  place  over  the  dead  wood 

several  years,  but  the  wound  to  the  valuable  first  log  11 

already  occurred.  Where  the  danger  of  fire  exists,  fli 

buildup  in  young  plantations  can  be  controlled 

mowing  grasses  and  weeds  in  the  fall. 
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PLANTING 

Intensive  culture  of  black  walnut  is  most  feasible  (and 

most  necessary)  in  pure  stands,  but  these  are  rarely 

encountered  in  nature.  A  major  portion  of  this  hand- 
book is  thus  devoted  to  planting  and  to  plantations 

where  intensive  culture  can  be  practiced.  Before  actual 

planting,  spacing,  site  preparation,  plant  material,  and 
planting  method  must  all  be  considered. 

Spacing 

To  a  considerable  extent,  appropriate  spacing  in 

walnut  plantations  is  dictated  by  management  objec- 

tives. We  will  consider  plantations  intended  to  produce 

timber  alone,  timber  and  nuts,  and  those  with  multiple- 
use  objectives. 

Objective:  Timber 

For  plantations  intended  solely  for  timber  production 

plant  trees  approximately  10  x  10  feet  (3x3  meters) 

apart.  Plantations  established  at  such  an  initial  spacing 

Iffifi 
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can  be  reduced  from  436  to  23  trees  per  acre  (1,0771  pwi 

57  trees/hectare)  through  a  sequence  of  five  thinni 

(see  example,  Appendix,  p.  17).  The  final  thinning  to  ||itii 
trees/acre  at  an  average  spacing  of  44  x  44  feet  (1 

meters)  will  allow  the  trees  to  reach  an  average  d.b.h. 

23.4  inches  (59  cm)  at  harvest.  This  average  diamai 

can    be    achieved    only    through    selecting    the    faai  * 

growing  trees  to  retain  at  each  thinning.  If  the  orii 

planting  comprises  only  23  trees  to  be  grown  to  fifi 

harvest,  average  d.b.h.  for  the  same  period  of  time 
esfimated  to  be  only   19.6  inches  (50  cm).  Retain 

only  trees  with  above  average  growth  rates  results  i 

stand   averaging  3.8  inches  (9  cm)  larger  in  d.b.h. 

harvest  and  containing  50  percent  more  merchanta 
volume. 

i(pl 

Relatively  close  initial  spacing  (10  x  10)  can  alsoo 

expected  to  result  in  improved  tree  form,  through  bi> 
the   training  effect   of  adjacent   trees  and  the  greH 

^See  Pesticide  Precautionary  Statement,  p.  20. 

ftetii 
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"Imber  from  which  to  select  better  formed  individuals, 
final  reason  for  close  spacing  is  that  trees  removed  in 
er  thinnings  should  yield  merchantable  products  (see 

lintaining    Quality    and    Growth,    p.    12).    The    dis- 
vantages  of  close  spacing  are  obvious:  increased  costs 

^r  planting  stock  and  weed  control,  and  extra  labor 

iiijuired  for  planting,  tending,  and  removing  the  addi- 
mal  trees.  On  balance,  we  recommend  spacing  planta- 

«ins  for  timber  at  about  10  x  10  feet  (3x3  meters); 

•Itnewhat  irregular  spacings  such  as  8  x  12  feet  (2.5  x 
t)i  5   meters)  may  be  preferable  in  some  situations  to 
I  ow  use  of  machinery  through  the  wider  dimension. 

It 

bjective:  Timber  and  Nuts 

Stocking  in  plantations  intended  to  produce  both 
nber  and  nuts  should  be  maintained  at  lower  levels 

m  for  timber  production  alone.  An  initial  spacing  of 
x  15  feet  (4.5  x  4.5  meters)  is  recommended.  At  this 

icing,  the  first  thinning  will  not  be  needed  until 

'  jrage  stand  d.b.h.  is  5.6  inches  (14  cm).  Regular  nut 
aduction  should  have  begun  on  trees  of  this  size  and 
;es  to  be  retained  after  the  first  thinning  can  be 
iluated  on  the  basis  of  nut  yield  and  quality  as  well  as 
r  timber  traits. 

ihjective:  Intercropping 

[n  walnut  plantations  intended  for  multiple  use  to 

joduce  forage,  hay,  sod,  or  row  crops,  spacing  will 
)obably  have  to  be  unusually  wide  in  at  least  one 
cection.  Wide  spacing  will  allow  efficient  use  of  fencing 

1i  prevent  livestock  from  damaging  young  trees  and  will 
!ow  turning  room  for  large  farm  equipment.  However, 
sacing  within  rows  should  be  close  to  allow  the 
s  action  of  desirable  individuals  as  in  pure  plantations. 
Sacings  such  as  5  x  30  or  5  x  40  feet  (1.5  x  9  or  1.5  x 

meters)  should  be  considered,  but  the  actual  arrange- 
i?nt  of  the  planting  will  of  course  be  dictated  by  the 
iecific  crops  to  be  grown  and  the  equipment  to  be 
led. 

Site  Preparation 

Walnuts  can  be  planted  successfully  on  a  variety  of 

!es,  but  intensive  follow-up  culture  is  usually  necessary 
i  the  plantations  are  to  become  satisfactorily  estab- 
Ihed.  Thorough  site  preparation,  in  addition  to  its 

uditional  benefits,  greatly  expedites  subsequent  cul- 

'ral  practices. 

utover  Sites 

Selection  or  shelterwood  systems  for  regenerating 

'rest  stands  are  not  effective  for  establishing  walnut 

plantations  on  forested  sites.  Although  some  walnut 
seedlings  will  survive  for  a  few  years  under  partial  cover, 

they  grow  satisfactorily  only  following  complete  over- 
story  removal.  All  woody  vegetation  larger  than  1/2  inch 
(1.3  cm)  d.b.h.  should  be  cut;  stumps  8  inches  (20  cm) 
or  less  in  diameter  should  be  treated  immediately  with  a 

low-volatile  ester  formulation  of  2,4, 5-T'  to  inhibit 
sprout  competition.  Site  preparation  on  clearcut  sites 
need  not  include  removal  of  all  slash,  since  it  is  unlikely 

that  power  equipment  such  as  tractor-hitched  mowers  or 
sprayers  can  be  operated  among  the  stumps.  It  is 
important  for  planted  rows  to  be  sufficiently  clear  so 

that  planted  trees  can  be  readily  located,  weeds  con- 
trolled around  them,  and  corrective  pruning  accom- 

plished as  necessary. 

Brushy  Fields 

Walnuts  may  be  interplanted  in  brushy  fields  if  the  site 
is  good.  Such  sites  justify  removal  of  brush  for  planting 

at  regular  spacing,  use  of  power  equipment,  and  inten- 
sive culture;  on  marginal  brushy  sites  other  species 

requiring  little  or  no  tending  after  planting  should  be 
considered  instead  of  walnut.  Cut  stumps  should  be 
treated  with  herbicide  to  minimize  sprouting. 

Weeds  and  Grasses 

It  is  neither  necessary  nor  desirable  to  destroy  all 
standing  herbaceous  vegetation  in  an  old  field  prior  to 

planting  walnuts.  Erosion  is  likely  to  be  accelerated  on 
completely  cleared  sites,  even  though  they  may  appear 
to  be  almost  level.  Strips  mowed  at  the  same  spacing  as 
the  intended  planting  may  expedite  the  subsequent 

planting  job.  This  practice  works  well  in  fields  covered 
with  a  heavy  stand  of  dead  annual  weeds;  the  intervening 
strips  of  weeds  that  remain  will  provide  desirable 

protection  from  winds. 

It  is  feasible  and  sometimes  convenient  to  apply 

herbicides  in  strips  or  spots  to  kill  grass  sod  prior  to 
planting.  If  the  herbicides  are  apphed  in  the  early  spring 

before  planting,  the  dead  grass  will  mark  the  planting 
spots.  Combinations  of  simazine  and  dalapon  and 
simazine  and  paraquat  have  proved  effective  for  this  sort 
of  advance  weed  control,  but  at  the  time  of  writing, 

simazine  is  not  registered  for  use  on  walnut  plantations 

during  the  first  year  (see  Establishment  and  Ensuring 
Good  Form,  page  9). 

Although  plowing  and  discing  prior  to  planting  are  not 
necessary  for  successful  plantation  establishment,  trees 
planted  in   plots  plowed   and  disced   before   applying 

il 



herbicide  will  eventually  outgrow  those  planted  in  sod. 
One  obvious  effect  of  plowing  grassy  fields  before 

planting  is  the  conversion  of  the  ground  vegetation  to 

predominantly  broadleaf  weeds.  Simazine  works  effec- 
tively on  germinating  weed  seeds,  so  weed  control  with 

simazine  is  more  complete  on  areas  prepared  by  plowing 
than  on  established  sod.  On  the  other  hand,  plowing 

may  encourage  the  development  of  deep-rooted  peren- 
nial weeds  such  as  trumpetcreeper. 

Plant  Material 

Seed  Source 

Black  walnut  occurs  naturally  over  a  broad  range, 
extending  into  33  States  and  Ontario.  Studies  have 
shown  that  walnut  trees  originating  south  of  the  planting 
site  grow  for  a  longer  period  during  the  growing  season 
than  those  of  local  or  northern  origin.  In  several  test 
plantings,  trees  originating  well  to  the  south  consistently 
outgrew  those  of  local  provenance.  At  present  we 
recommend  using  seed  from  sources  up  to  200  miles 
(320  km)  south  of  the  intended  planting  site;  seed  from 
more  than  50  miles  (80  km)  north  of  the  planting  area 
should  not  be  used  unless  it  is  collected  from  tested  and 

proved  trees  or  stands. 

From  the  standpoint  of  just  timber  production, 
growing  walnut  for  veneer  offers  by  far  the  greatest 
profit  potential.  Intermediate  products  such  as  firewood, 
fence  posts,  small  dimension  parts,  and  even  sawtimber 
are  much  less  valuable.  To  insure  that  sufficient  numbers 

of  trees  will  reach  veneer  size,  we  need  genetic  diversity 
in  walnut  plantations.  Over  the  several  decades  required 
to  produce  veneer  timber,  the  plantations  will  be  subject 
to  attack  by  an  assortment  of  disease  and  insect  pests, 
including  some  that  are  probably  not  important  at  this 

time.  Various  "unusual"  climatic  conditions  will  occur 
and  reoccur.  It  is  unreasonable  to  expect  seedling 

progeny  of  any  single  parent  tree,  even  a  "superior"  one 
that  is  pollinated  by  another  selected  parent,  to  be 
satisfactorily  resistant  to  all  possible  adverse  situations. 
The  only  protection  lies  in  establishing  a  sufficiently 
broad  genetic  base  in  each  plantation.  Do  not  plant  seed 
or  seedlings  derived  from  one  or  only  a  few  trees,  no 
matter  how  beautiful  the  parent  trees  look  or  how  well 
the  seedlings  grow  in  the  nursery.  Planting  an  assortment 
of  seedlings  (ideally  derived  from  seed  orchards  contain- 

ing many  tested-and-proved  parents)  provides  cheap  and 
effective  insurance  against  disaster  that  might  strike  just 
as  the  trees  are  increasing  most  in  value. 

Seedling  Quality 

Large  black  walnut  seedlings  outgrow  small  ones  o:i 

variety  of  sites,  and  seedlings  1/4-inch  (6  mm)  or  lar 
in  caliper  are  recommended  for  planting.  Seedli: 
showing  signs  of  root  rot  or  that  have  stems  black  i 

apparently  dead  (as  might  be  caused  by  freezing  in  i 
nursery)  should  be  discarded. 

Care  of  Seed  and  Seedlings 

Nuts  to  be  direct-seeded  in  the  spring  can  be  stratiff 

in  outdoor  pits  or  in  plastic  bags  in  cold-storage  rooi'i 
Pit-stored  seed  usually  germinates  somewhat  better  a 
can  be  held  for  as  long  as  4  years  without  serious  1 
of  viability.  Unless  properly  dried,  seed  held  in  plaai 
bags  in  cold  storage  will  begin  to  germinate  in  the  bb 
about  7  to  10  months  after  collection  and  must 

promptly  sowed  before  it  is  lost. 
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Walnut  seedlings  properly  packed  at  the  nursery  cann 

held  in  cold  storage  overwinter,  at  least  as  long  aa 

months.  Seedlings  received  in  the  spring  should  noti 

allowed  to  freeze  or  overheat.  Seedlings  can  be  stoo 

under  shade  —  such  as  in  an  unheated  warehouse  —  up[  .f 
2  weeks  before  planting.  If  they  have  been  propoi 

packed,  no  more  than  one  drenching  of  the  seedli 

roots  should  be  necessary  to  keep  them  in  gm 

condition.  If  planting  must  be  delayed  more  thaai 

couple  of  weeks,  seedlings  should  be  heeled  in  or  kepp 

refrigerated  storage. 
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Planting  Method 
Direct  Seeding 

|DVioi 

Pilferage  by  squirrels  and  other  rodents  severely  lini  fflioii 

successful    direct    seeding    of    walnuts.    Lx)ss    can  > 
minimized  by  using  mechanical  barriers  made  of  hii 
ware   cloth   or   punctured   cans,  but  these  devices  . 
expensive  to  prepare  and  put  in  place.  Several  chemn  iliiiliii 
treatments   have    been    devised    in    attempts    to   ret  itii 
rodents   or    to   conceal   planted  nuts,  but   none  hh  iWic 

proved  effective. 
Mi 

Several  factors,  including  luck,  may  combine  to  alll:  mtue] 

successful  direct  seeding.  First,  in  seasons  with  he* 
natural  mast  crops,  rodents  will  be  less  ambitious  abh  1^ 

digging  up  planted  seed.  Further,  squirrels  are  relucti 
to  travel  more  than  330  feet  (100  meters)  acjj: 

open  country  so  planting  sites  located  at  such  a  dista 
from  standing  timber  can  be  safely  seeded.  Fina.! 
rodents  will  pilfer  walnuts  at  any  season,  but  sowing  i 
in  the  spring,  and  using  seed  that  have  already  begum 

•olli 



erminate,  will  reduce  the  period  of  vulnerability.  When 
lanting  germinating  seeds,  care  must  be  taken  to 
irotect  the  emerging  radicle  from  breaking. 

I 

Planting  of  Seedlings 

Walnut  seedlings  may  be  successfully  planted  by  any 
ustomary  machine  or  hand  method.  The  only  necessary 
squirements  are  that  the  seedlings  be  planted  upright 

and  the  entire  root  system  buried  without  distortion. 
Reasonable  root  pruning,  top  pruning,  or  both  (roots 

should  not  be  pruned  to  less  than  8  inches  (20  cm)  long) 
are  acceptable  but  not  essential.  Deep  planting  is 
not  advantageous  and  may  be  detrimental.  Because  of 
the  need  to  control  potential  competing  vegetation 
around  the  seedlings,  spring  planting  is  recommended;  in 
areas  where  all  weeds  have  been  killed,  fall  planted  trees 

are  susceptible  to  frost-heaving  over  the  ensuing  winter. 

ESTABLISHMENT  AND  ENSURING  GOOD  FORM 

Intensive  culture  is  essential  in  walnut  plantations  until 

ley  are  successfully  established  and  the  trees  are  at  least 
to  10  feet  (3  meters)  in  height.  The  emphasis  during 

lis  period  should  be  on  growing  a  stem  that  is  straight, 
ee  of  defects,  and  can  be  converted  into  a  veneer  log  of 
t  least  minimum  dimensions.  This  objective  can  be  met 
y  using  cultural  techniques  that  correct  defects  through 

irect  action  and  also  by  maintaining  optimum  environ- 
lental  conditions  that  stimulate  trees  to  overgrow 
efects  before  they  become  serious.  Most  recommended 

ractices  are  appropriate  for  use  in  young  naturally 
jgenerating  walnut  stands  as  well  as  in  plantations. 

Weed  Control 

Control  of  competing  grasses  and  forbs  is  especially 
jnportant  in  plantations  being  established  in  fields 
reviously  used  for  agriculture.  Complete  weed  control 
neither  necessary  nor  desirable  since  it  aggravates 

rosion  problems. 

On  sites  suitable  for  intensive  walnut  culture,  control 

f  competing  weeds  for  the  first  3  years  after  planting 
lould  ensure  that  the  trees  will  grow  well  during  the 
rucial    period   when    form  is  determined.   One   or  2 

PJears  of  weed  control  are  usually  sufficient  to  ensure 
itisfactory  establishment,  but  the  third  year  stimulates 

eight   growth  equivalent   to   at   least   an  extra  year's 
i  hcrement.  Weed  control  for  more  than  3  years,  espe- 
s  iially  on  a  larger  area  around  each  tree,  will  continue  to 
:  timulate  growth,  but  costs  may  not  justify  it. 

.  ,  Planted  walnut  trees  grow  faster  when  weeds  are 
E  lontrolled  by  herbicides  than  by  either  mulching  or 
5  lultivation.  Simazine  is  the  preferred  chemical  for 

I  controlling  germinating  seeds  and  has  been  used  effec- 
.  ively   with  dalapon  (for  standing  grasses),  2,4-D  (for 

broadleaved  weeds),  or  both.  At  the  time  of  writing, 
only  simazine  among  these  chemicals  is  registered  for  use 
with  black  walnut,  and  then  only  in  plantations  that 
have  been  established  for  a  year  or  more;  expanded 
pesticide  labels  have  been  proposed  that  will  allow  use  of 

other  herbicides  in  walnut  plantings.'  Simazine  should 
be  applied  at  the  rate  of  4  pounds  active  ingredient  per 
acre  of  area  treated  (4.5  kg/ha)  on  sandy  loam  soils  and 
5  pounds  per  acre  (5.6  kg/ha)  on  clay  loam  soils. 
Paraquat  is  a  registered  and  effective  herbicide  that  kills 
standing  weeds  but  must  be  used  with  care  because  of 
high  toxicity  to  mammals. 

Depending  on  terrain  and  available  equipment,  herbi- 
cides may  be  applied  in  strips  along  rows  of  trees,  or  to 

circular  areas  surrounding  the  trees.  Spot  diameter  and 
strip  width  need  not  be  wider  than  4  feet  (1.2  meters) 
for  the  first  2  years.  During  the  third  year,  some 
additional  tree  growth  may  be  gained  by  increasing  spot 
diameter  to  5  or  6  feet  (about  2  meters). 

In  plantings  established  on  cleared  forest  sites,  compe- 
tition from  herbaceous  weeds  is  likely  to  be  much  more 

critical  than  that  from  woody  vegetation.  Weed  control 
methods  used  in  other  planting  situations  should  be 
adequate  for  use  in  forest  openings. 

Maintaining  Stem  Form 

During  the  first  season  after  planting,  walnut  seedlings 
may  die  back  from  the  tip  and  subsequently  sprout  from 
lateral  buds.  Dieback  related  to  planting  shock  is 

relatively  widespread,  especially  on  less-than-ideal  sites 
or  when  the  summer  after  transplanting  is  unusually  dry. 

Damage  to  leader  tips  in  subsequent  years  can  also  be 

caused  by  deer  browsing,  late  spring  frosts,  and  es- 
pecially by  insect  attack  (see  Protection  from  Damaging 

Agents,  p.  4). 



When  lateral  branches  sprout  following  dieback  of 
terminals,  some  young  trees  produce  a  relatively  straight 
new  leader,  others  develop  a  strong  fork,  and  many 

exhibit  some  intermediate  type  of  form  -  a  moderate 
crook  or  a  weak  fork.  Because  of  the  premium  value  of 

straight  veneer  logs,  it  is  tempting  to  take  immediate 

action  to  shape  up  potentially  crooked  trees,  but  it  isn't 
always  necessary. 

Some  trees  are  obvious  candidates  for  corrective 

pruning,  those  with  evenly  balanced  "slingshot"  forks, 
for  instance.  Most  of  these  forks  can  be  straightened  at 

an  early  age  using  masking  tape,  pruning  shears,  and 

Bey's  "new  twist"  technique  (fig.  3).  The  procedure  goes 
as  follows: 

1.  Select  the  strongest,  most  promising  shoot  —  one 
with  a  healthy  terminal  bud. 

2.  Bend  it  so  that  the  tip  is  as  close  as  possible  to  being 
over  the  central  axis  of  the  main  stem. 

3.  Select  another  shoot  (or  two,  if  necessary)  that  will 
hold  the  terminal  in  position. 

4.  Secure  the  terminal  in  position  by  wrapping  1-inch 
wide  masking  tape  around  both  the  terminal  and  the 
supporting  lateral.  Branches  larger  than  3/4  inch  in 

diameter  and  branches  with  angles  wider  than  45°  exert 
more  pressure  and  may  require  additional  wraps  of  tape. 
Most  will  be  secured  near  the  top  of  the  terminal. 

5.  Cut  off  the  tip  of  the  supporting  lateral  branch  to 
eliminate  potentially  competing  new  growth.  This  may 
mean  cutting  off  only  the  terminal  bud  or  perhaps  many 
inches  of  the  lateral  branch. 

The  procedure  can  be  used  shortly  before  or  soon  after 
growth  begins  in  the  spring.  New  leaves  interfere  with 
taping,  and  therefore  it  can  be  done  more  rapidly  before 
growth  begins. 

At  the  beginning  of  the  third  or  fourth  growing  season 
after  planting,  trees  with  potentially  poor  form  are 
usually  obvious  and  still  small  enough  to  correctively 
prune.  Not  all  poorly  formed  trees  need  to  be  corrected; 

they  can  safely  be  neglected  if  they  are  surrounded  by 
trees  with  good  form  in  sufficient  number  to  make  a 
stand  after  thinning. 

Trees  without  a  potential  strong  leader  should  be 
coppiced  if  they  seem  hkely  to  be  needed  beyond  the 
first  thinning;  after  they  sprout  from  the  root  collar,  the 
sprout  clumps  should  be  thinned  to  the  single  best  stem. 
Coppicing  should  be  done  in  the  spring  before  the 
beginning  of  the  third  or  fourth  growing  season  for  two 
reasons:  first,  regrowth  of  the  new  sprout  never  quite 
catches  up  to  that  ol  the  original  stem,  but  cutting  at 
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Figure  3.  —  Masking  tape  and  hand  clippers  are  use//j|tij|  ta 
tools  for  developing  straight  boles  on  young  blaci  hftl 
walnut  trees.  jj 

this  relatively  early  age  minimizes  the  increment  lo; 
second,  if  trees  older  than  5  years  are  coppiced,  tj 
sprouts  will  grow  so  fast  that  they  may  not  stain 

upright. 

Corrective  pruning  should  not  be  confused  with  iateii 

pruning  (page  1 2)  which  is  intended  to  promote  develoj 
ment  of  knot-free  wood.  Lateral  pruning  is  not  appropi 
ate  when  the  tree  is  being  cultured  for  good  form  exce  j 
to  remove  some  lower  branches  to  prevent  their  bei  \ 
run  over  and  torn  out  by  vehicles  being  operat 

between  plantation  rows.  Zealous  attempts  to  minimi 

the  size  of  the  knotty  core  by  early  clear-length  pruniii 
sometimes  have  disastrous  consequences  (fig.  4). 

Another  good  procedure  that  is  recommended  f 

"correcting"  poor  stem  form  is  the  exercise  of  patienc 
Despite  the  accidents  that  befall  them,  most  bla 
walnut  trees  in  plantations  have  a  strong  natural  ten 
ency  to  grow  upright.  Crooks  that  appear  to 

potentially  disastrous  in  a  shoulder-high  tree  often  tu. 
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jure  4.  ~  Branciies  were  pruned  from  about  70 
percent  of  the  total  height  of  this  young  walnut.  It 
produced  numerous  bole  sprouts  and  heavy  foliage 
and  toppled  over  during  a  summer  windstorm. 

t  to  be  innocuous  after  the  tree  has  grown  to  be  3 

4  meters  tall.   Crooked  young  trees  make   differ- 
i  :ial  radial  growth,  adding  more  wood  on  the  concave 
liii|e  of  the  crook  than  on  the  convex.  Furthermore,  they 

straighten  physically;  the  combination  of  the  two 
)cesses  can  result  in  dramatic  improvement  in  form 

5). 

Fertilization 

As  a  general  rule,  fertilizing  walnut  plantations  during 
the  establishment  years  is  a  mistake.  On  the  high  quality 
sites  suited  to  intensive  culture,  soil  nutrients  are  usually 
not  limiting  to  walnut  growth,  but  fertilizer  treatments 
may  stimulate  weed  competition.  On  mediocre  sites,  tree 

growth  may  sometimes  be  increased  througli  fertiliza- 
tion, but  rotations  are  still  likely  to  be  lengthy  because 

of  other  limiting  soil  factors  such  as  inadequate  moisture 
or  poor  aeration.  On  such  sites,  fertilization  during  the 
increment  phase  (see  page  14)  is  probably  a  better  bet, 
because  the  investm.ent  will  not  have  to  be  carried  for 

such  a  long  time. 

Intercropping 

Walnut  plantations  interplanted  wiih  agronomic  crops 
may  require  special  cultural  practices.  For  instance, 
livestock  must  not  be  allowed  to  browse  young  trees;  a 
portable  electric  fence  system  may  be  arranged  that 
permits  rotational  pasture  grazing  without  damage  to  the 
walnuts  (fig.  6). 

If  herbicides  are  used  to  control  weeds  competing  with 
planted  walnuts,  each  case  must  be  considered  separately 
since  some  chemicals  are  not  registered  for  use  with 
planned  agricultural  crops,  hi  other  cases,  the  herbicides 
may  be  registered  and  usage  compatible,  but  scheduling 
of  sowing,  harvesting,  or  grazing  may  need  to  be 
modified  to  comply  with  label  restrictions. 

Figure  5.  ~  In  two  growing  seasons,  the  stem  of  this  tree  has  moved  9  inches  closer  to  the  vertical  position. 



f 
agricultural  equipment.  An  extra  year  of  correct 

pruning  is  likely  to  be  necessary.  Some  lateral  pruning 

avoid  damage  by  equipment  may  also  be  appropriate. 

Other  trees  or  shrubs  may  also  be  interplanted  wvi 

walnut  for  any  of  a  number  of  reasons:   for  esthe; 

values,    to    provide    wildlife    cover    or    food,    for 

intermediate  crop  such  as  Christmas  trees,  to  serve 

trainers    for    the    walnut    trees,    or,    in    the    case 

nitrogen-fixing    species,    to    stimulate    growth    of  ti 
walnuts.  Interplanting  can  thus  be  used  as  at  least! 

partial  substitute  for  corrective  pruning  and  fertilizatiei 

Of  the  many  species  that  have  been  used  for  interpla:ii 

ing,  we  suggest  autumn-olive  as  worthy  of  further  trji 

Autumn-olive  is  an  attractive  shrub  that  bears  bright  ii 
berries  relished  by  songbirds  and  game  birds.  It  fiji 

atmospheric  nitrogen  and  adds  it  to  the  soil  in  a  foi 
available  to  other  plants. 

Figure  6.  -  Closeup  of  a  young  black  walnut  inter- 
planted with  soybeans  in  Missouri.  Tlie  spacing  is  40 

feet  X  40  feet.  (Photo  courtesy  of  Gene  Garrett, 

University  of  Missouri.  J 

Maintaining  good  stem  form  may  be  more  difficult  in 

intercropped  plantations  in  which  the  walnut  trees  are 

irregularly  spaced.  The  trees  are  likely  to  be  more 

exposed  to  environmental  stress  and  also  to  damage  by 
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Autumn-olive  grows  at  a  rate  more  like  that  of  walrim 
than  either  black  locust  or  European  alder.  These  specc 

also  fix  nitrogen  but  are  likely  to  overtop  walnut  treesi 

only  4  or  5  years  on  most  good  sites.  In  five  Midwest* 

plantations,  autumn-olive  grew  at  an  average  rate ; 
about  2  feet  (0.6  meters)  per  year  for  the  first  7  yee 

after  planting  and  is  expected  to  level  off  at  about 

feet  (4.5  meters).  Walnuts  interplanted  with  thtv 

autumn-olive  reached  15.1  feet  (4.6  meters)  at  the  sai 

age,  while  solid  walnut  plantings  were  only  9.7  ffi 

(3.0  meters)  tall.  Stem  form  and  natural  pruning  ( 

walnuts  interplanted  with  autumn-olive  were  also  supfS; 
ior  to  those  in  pure  stands.  Specific  recommendati(  i 

for  spacing  and  thinning  schedules  remain  to  be  work 

out,  but  interplanting  with  autumn-olive  is  tentativij  '""" recommended. 
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MAINTAINING  QUALITY  AND  GROWTH 

Once  walnut  trees  are  taller  than  10  feet  (3  meters), 

techniques  to  maintain  the  growth  of  selected  crop  trees 

and  improve  the  quality  of  the  merchantable  portion  of 

the  stem  become  paramount.  Quality  improvement  can 

be  achieved  through  lateral  pruning,  while  maintaining 

growth  involves  thinning  and  fertilization. 

Pruning 

Pruning  of  lateral  branches  helps  to  produce  knot-free 
wood  under  growing  conditions  (wide  spacing)  that 

would  normally  permit  most  of  the  lower  branches  to 

persist.  Crowding  sufficient  to  stimulate  natural  pruning 

12 

would  also  decrease  diameter  growth.  The  objective  i! 

pruning  is  to  produce  a  clear  bole  while  minimiz  t; 

damage  to  the  tree  and  loss  of  growth.  Norma).; 

pruning  should  be  done  in  several  stages. 

Branches  should  be  pruned  before  they  are  2  inchest 

cm)  in  diameter  to  minimize  damage  and  promote  ra)*: 

healing.  A  neat,  clean  cut  should  be  made,  preferalil 

using  a  pruning  saw.  Pruning  wounds  made  during  ̂ ,1 
dormant  season  (early  spring  is  best)  tend  to  heal  mi» 

rapidly  and  completely  and  sprouts  from  dormant  bi'< 
near  the  wound  are  less  likely  to  develop.  If  sprouts  : 

develop,  they  should  be  promptly  removed. 

1 



Start  pruning  as  soon  as  the  trees  are  taller  than  10 
eet  (3  meters).  Prune  from  25  to  100  potential  crop 
rees  per  acre  (60  to  250  per  hectare)  and  only  trees  less 
han  10  inches  (25  cm)  in  diameter.  No  more  than  25 
tercent  of  the  live  crown  should  be  removed  in  a  single 

ear,  and  the  live  crown  length  ratio  should  be  main- 
ained  at  no  less  than  50  percent.  Pruning  should 
iroceed  in  stages  until  at  least  the  first  9  feet  (2.7 
neters)  of  the  bole  are  clear.  For  veneer  and  timber 
iroduction,  the  first  17  feet  (5.2  meters)  should  be 
iruned.  Costs  increase  rapidly  for  upper  log  pruning, 
/hile  the  returns  from  the  smaller  upper  logs  are  less 
tian  for  the  first  log. 

Thinning 

Periodic  thinning  provides  the  opportunity  for  select- 
ig  the  better  trees  to  retain  as  their  superiority  becomes 
pparent.  If  the  plantation  were  not  thinned,  the 

aster-growing  trees  would  eventually  out-compete  their 
eighbors,  but  at  a  considerable  sacrifice  in  their  own 
rowth.  The  objectives  of  thinning  are:  (1)  to  maintain 
apid  growth  of  all  potential  crop  trees  while  delaying 
tie  selection  of  the  actual  crop  trees  for  as  long  as 

iQSsible,  and  (2)  if  possible,  to  grow  the  trees  to  be 
smoved  to  a  size  sufficient  to  yield  salable  intermediate 
iroducts. 

Crown  competition  factor  (CCF)  is  a  useful  tool  for 
eciding  when  to  thin  and  how  much  to  leave.  Based  on 

the  size  of  an  open-grown  tree's  crown,  this  measure  of 
crowding  provides  an  objective  method  for  assessing 

plantation  stocking.  At  CCF  =  100,  the  sum  of  the  tree 
crown  areas  equals  the  area  of  the  plantation  or  stand. 
Given  any  two  of  four  stand  parameters  (basal  area  per 
acre,  number  of  trees  per  acre,  average  diameter,  and 
CCF),  the  other  two  can  be  obtained  from  graphs  (fig. 
7);  or  the  last  three  parameters  can  be  obtained  more 
precisely  by  using  a  table  (see  Appendix  for  table  3  and 
an  example).  CCF  should  not  be  used  if  spacing  is  highly 

irregular;  e.g.,  if  the  distance  between  rows  is  more  than 
twice  the  distance  between  trees  within  rows.  Although 
optimum  CCF  levels  for  walnut  management  are  not 
known,  the  following  paragraphs  discuss  tentative 
recommendations  and  considerations. 

Management  objectives  wUl  dictate  the  appropriate 
upper  limits  for  stocking  levels.  Nut  production  will 
require  stocking  levels  of  90  CCF  or  less;  the  upper  levels 
for  timber  and  veneer  production  may  be  as  high  as  110 
CCF.  For  optimum  growth  of  individual  trees,  lower 
levels  of  stocking  may  be  required  on  dry  sites  than  on 
moist  sites. 

The  first  step  in  using  CCF  to  guide  thinning  decisions 
is  to  select  upper  and  lower  CCF  levels  between  which 
plantation  stocking  will  be  maintained.  When  the  upper 
level  is  reached,  the  plantation  should  be  thinned  back 
to  the  lower  level.  The  difference  between  the  upper  and 
lower  levels  will  determine  how  often  thinnings  will  be 
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Figure  7.  -  Stocking  for  trees  (left)  2  to  8  inches  in  diameter,  and  (right)  8  to  25  inches  in  diameter. 
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required.  If  the  difference  is  small,  frequent  light 
thinnings  will  be  needed.  Thinning  to  reduce  CCF  by  40 
will  generally  result  in  removing  40  to  60  percent  of  the 
trees  (see  example  in  Appendix). 

Although  the  determination  of  when  to  thin  and  how 
many  trees  to  leave  can  be  arrived  at  objectively  using 
CCF,  the  selection  of  the  trees  to  leave  must  be  a 

subjective,  on-the-ground  determination.  Strictly 
mechanical  spacing  would  defeat  the  purpose  of  having  a 
population  of  trees  to  select  from,  but  consideration  of 
spacing  in  conjunction  with  crop  tree  selection  is 
necessary.  In  general  each  crop  tree  should  benefit  from 
thinning  by  the  removal  of  at  least  one  competing 
neighbor.  Generally  if  50  percent  of  the  trees  are  cut, 
most  of  the  crop  trees  will  have  two  or  three  nearest 
neighbors  removed. 

Until  the  trees  to  be  removed  are  of  sawtimber  size, 

the  markets  for  thinning  products  are  rare.  In  certain 

situations  markets  for  small  furniture-type  dimension 
material  or  other  products  may  exist  to  help  offset  the 

cost  of  thinning,  but  in  general  thinnings  must  be 
considered  a  necessary  investment  for  the  production  of 

high-quality  timber  products  in  the  least  amount  of 
time.  Once  the  trees  reach  sawtimber  size,  thinning 
should  be  profitable. 

Plantations  for  which  CCF  is  not  appropriate  because 

of  irregular  spacing  should  be  thinned  when  the  theoreti- 
cal crown  width  is  twice  the  distance  between  the  trees 

in  the  rows.  Theoretical  crown  width  is  calculated  using 

the  following  formula:  crown  width  (feet)  =  1.993  times 
d.b.h.  (inches)  plus  4.783.  After  one  or  more  thinnings, 
spacing  will  become  more  regular,  and  CCF  can  be  used. 

For  mixed-species  stands  including  walnut  and  for 
plantations  in  which  stocking  levels  have  reached  CCF 

160  or  more,   thinnings  using  the   stocking-guide  ap 
proach  are  not  appropriate.  Crop  tree  release  foUowirnii 
the  guidelines  for  single  tree  culture  (below)  offers 
better  solution  for  the  mixed  stand  and  for  the  initic 

treatment    in    the    overstocked    stands.    Reducing    thi  j, 

stocking  to   the   appropriate   lower  CCF  level  in  om  ,|e.l 
operation  could  result  in  epicormic  branching.  Followini 
this    first   treatment,   the   plantations  can  be   broughl 
under  the  stocking  guide  procedure. 

Fertilization 
surr 

m 

Foliage  analysis  currently  provides  the  best  diagnostii 

tool  for  deciding  whether  fertilization  is  needed  co 

beneficial  (see  Nutrient  Requirements  and  FertiHzation  ' 
page  3).  Fertilization  cannot  be  considered  in  isolatiou 

from  other  cultural  practices.  If  the  trees  are  crowded 

thinning  or  release  should  precede  fertilization,  and  if 

well-estabHshed  understory  is  present,  it  may  be  neceie 
sary  to  control  the  understory  in  order  to  allow  thli 
added  nutrients  to  reach  the  trees. 

itesl 

mmiil 

Intercropping 
kji 

mi 

The   walnut   trees   will  increasingly  occupy  a  highfli  iitii 

proportion    of   the    plantation    area    as   they   develop  kdia 
decreasing  the  intercropping  options.  Most   row  crop]  i|] 
require  full  sunlight  for  growth,  so  that  once  stockinr  4 
levels  of  50  CCF  or  more  are  reached,  this  option  is  nn  lib 

longer  viable. 

Pasturing  can  continue  to  be  an  intercropping  optict 
until  the  trees  reach  maturity.  Once  the  walnut  trees  aiii 
stout  enough  (4  to  6  inches  or  10  to  15  cm  in  diametee] 
and   tall   enough  (a  clear  bole  length  of  9  feet  or 

meters)  light,  well-regulated  grazing  will  cause  little  <  Ijk 
no    damage.    Heavy    grazing   with   its   associated   $«  iwe 
compaction  and  physical  damage  to  the  root  systems  ca  msiiei 
reduce  sawtimber  yields  by  as  much  as  20  percent. 

Iffl 

Jijttt 

SINGLE  TREE  CULTURE 

Release 

More  than  for  any  other  Ajnerican  timber  species, 
intensive  culture  of  individual  black  walnut  trees  is 

economically  justified.  Furthermore,  most  walnuts  res- 
pond well  to  culture  whether  they  occur  as  scattered 

trees  in  a  mixed  forest  or  singly  in  a  pasture  or  open 
grove . 

Release  is  the  first  item  to  be  considered  for  individual 

trees  in  a  forest.  Dominant  and  codominant  trees  can  be 
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expected  to  continue  to  grow  more  rapidly  than  those 
intermediate    or    suppressed  classes,  but   strong  intef 

mediates   often   respond  most  to  release  (in  terms  i 
relative  increase  in  growth  rate).  Any  walnut  tree  thatita^^^ 
healthy,  has  a  bole  with  potential  to  make  a  veneer 

high-quality    log,    and    is    small    enough    that   it   Cfcrljj, 
reasonably  be  left  to  grow  for  at  least  ten  more  yeaw 
should  be  considered  a  candidate  for  release. 

To  be  effective,  release  must  be  thorough.  One  rule' 
thumb  is  that  at  least  three-fourths  of  the  crown  of  tli 

lost 
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jleased  tree  should  be  at  least  5  feet  (1.5  meters)  from 
le  crowns  of  adjacent  trees  60  to  100  percent  as  tall 
nd  at  least  10  feet  (3  meters)  from  the  crowns  of  taller 
ees.  After  the  walnuts  have  responded  to  release,  the 
icreased  growth  should  be  maintained  at  a  uniform 
ite.  The  crowns  of  trees  that  have  been  released  as  well 

i  surrounding  trees  can  be  expected  to  expand  rapidly, 
^en  walnut  crop  trees  are  no  longer  free  to  grow, 

ibsequent  releases  should  be  made,  probably  at  inter- 
ils  of  about  6  to  10  years. 

Some  bole  sprouting  can  be  expected  on  forest-grown 
ees  that  are  released  for  the  first  time.  Most  of  the 

irouts  will  occur  above  the  butt  log  so  little  extra 
uning  will  be  required. 

Pruning 

By  definition,  open-grown  trees  need  no  release,  but 
ley,  as  well  as  many  forest-grown  trees,  can  almost 
ways  benefit  from  pruning  of  side  branches.  Ideally, 
:uning  should  start  before  branches  are  more  than  2 
ches  (5  cm)  in  diameter  at  the  butt;  minimizing  wound 
ze  minimizes  the  time  until  wound  closure.  Because  of 

le  characteristic  rapid  diameter  growth  of  walnut  trees 
the  open,  somewhat  larger  pruning  wounds  can  be 

iterated  than  in  trees  in  plantations  or  natural  stands. 
s  branches  grow  larger  than  3  inches  (8  cm)  in  closed 

stands,  or  4  inches  ( 10  cm)  on  open-grown  trees,  pruning 
should  be  suspended  except  for  removal  of  dead 
branches. 

Fertilization 

Although  results  from  a  number  of  field  fertilization 
trials  are  not  completely  consistent,  they  may  be 

summarized  as  follows.  Diameter  growth  is  often  in- 
creased as  much  or  more  by  release  than  by  fertilization. 

Nitrogen  fertilization  stimulates  diameter  growth  more 
than  does  phosphorus  or  potassium  treatment.  All  three 

elements  —  N,  P,  and  K  —  may  be  effective  in 
stimulating  increased  nut  production,  sometimes  doub- 

ling or  tripling  the  crop  produced  by  released  but 
unfertilized  trees.  Fertilization  is  not  effective  in  stands 

60  years  of  age  or  older. 

At  present  we  recommend  fertilizing  pole-sized  trees 
managed  for  timber  production  with  10  pounds  (4.5  kg) 
of  urea  spread  around  the  tree  over  an  area  about  10 
meters  in  diameter;  for  combined  production  of  timber 
and  nuts,  5  pounds  (2.3  kg)  of  triple  superphosphate, 
and  8  pounds  (1.8  kg)  of  muriate  of  potash  should  be 
added.  All  fertilized  trees  should  be  free  to  grow  or  else 

released  in  advance;  treatments  can  be  repeated  at  5-year 
intervals.  To  verify  that  fertihzed  trees  are  responding  to 
treatment,  several  similar  trees  should  be  left  as  unfertil- 

ized "check  trees". 

HARVESTING 

I  When  to  make  the  final  harvest  depends  upon  the 
Jroject  objective,  market  conditions,  and  the  potentiid 
Increase  in  value  if  harvesting  is  deferred.  Also  to  be 
bnsidered  at  harvest  time  is  the  question  of  whether  or 
ot  to  establish  a  new  stand  of  walnut,  and  if  so,  how. 

value  of  walnut  compared  to  other  timber  species  results 
in  greater  dollar  variation  around  the  average  selling 
prices.  Thus,  although  a  reasonable  estimate  of  log  value 
can  be  made,  the  actual  market  value  may  vary 
considerably  from  this  estimate. 

Product  Specification 

Most  black  walnut  is  grown  to  produce  veneer  and 

Ijw  logs.  There  are  no  standardized  specifications  for 
feneer  trees.  Veneer  buyers  have  their  own  systems  for 

;lecting  and  evaluating  potential  trees  for  their  parti- 
War  needs.  The  seller  can  obtain  a  fair  market  price  for 
iis  timber  through  competitive  bidding  between  two  or 

ihore  potential  buyers,  but  there  is  presently  no  objec- 
ive  procedure  for  assessing  the  market  value  of  walnut 
eneer  trees. 

iSaw  log  trees  can  be  evaluated  more  objectively  using 

■■andard  tree  grades  and  current  selling  prices.  The  high 

Growth  and  Yield 

Intensive  management  of  black  walnut  plantations  is 

recent  enough  that  no  growth  and  yield  information  is 
available  for  managed  plantations,  and  the  hmited 
information  available  from  unmanaged  plantations  is 
considered  too  conservative  for  managed  plantations.  To 
indicate  future  growth  and  yield  when  it  is  most  needed 

—  during  the  final  stage  of  growth  just  before  harvest  — 
use  the  past  performance  of  the  plantation.  Standard 
form-class  volume  tables  can  be  used  in  combination 

with  projected  diameter  growth  to  estimate  volume 
increment  for  the  next  5-  to  10-year  period,  with 
sufficient  accuracy  for  planning  purposes. 
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Regeneration 
Once  the  decision  to  harvest  has  been  made,  the 

estabUshment  of  a  future  stand  must  be  considered  if  the 
land  is  to  remain  in  forest.  If  the  walnut  to  be  harvested 

is  scattered  as  individuals  in  a  mixed  hardwood  forest, 

the  recommended  regeneration  methods  for  the  specific 
forest  type  should  be  followed. 

if  the  walnut  to  be  harvested  is  in  a  pure  stand  or 
plantation,  the  surest  way  to  regenerate  it  is  by  planting 

(see  page  6).  Not  enough  is  known  yet  about  r©« 
generating  a  pure  stand  or  plantation  to  assure  success.  Ill 

it  is  tried,  the  seeds  need  to  be  buried  or  pressed  into  thtu 

ground  (to  get  moisture  for  germination)  and  seedlingsj 
must  be  released  from  shade  after  a  few  years.  Indeed 

the  number  of  seedlings  surviving  decreases  by  aboui.i.  .i, 

two-thirds  each  year.  Discing  or  rolling  the  plantatiorl, 
area  following  a  good  seed  year,  then  the  prompui 
removal  of  the  overstory  once  sufficient  seedlings  art 
present,  is  suggested. 

To 
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APPENDIX 

Stocking  Guide  Example 

To  use  a  measure  of  stocking  to  guide  thinning 

(Icisions,  you  must  select  upper  and  lower  CCF  levels 
Itween  which  stocking  will  be  maintained.  When  the 
I  per  level  is  reached,  the  plantation  should  be  thinned 
Ick  to  the  lower  level.  The  difference  between  the 

I  per  and  lower  levels  determines  how  often  thinnings 
\\\  be  required.  The  larger  the  difference  between  the 
lels,  the  fewer  thinnings  will  be  required. 

Besides  determining  the  upper  and  lower  levels,  the 
fillowing  also  must  be  known  before  decisions  can  be 
ride  as  to  when  and  how  much  to  thin:  (1)  number  of 

tfes  per  acre,  and  (2)  the  average  tree  d.b.h.  If  any  two 
cj  these  three  variables  are  known,  the  third  can  be 
dtermined  by  using  the  charts  on  page  13,  or  the 
cnversion  tables  shown  in  table  3  in  the  Appendix  and 

ts  formula:  CCF  =  average  crown  area  x  number  of 
t  es  per  acre. 

i^or  example,  thinning  decisions  for  a  plantation 
iijtially  composed  of  436  trees  per  acre  could  be  derived 
alfollows: 

elect  an  upper  CCF  level  of  110,  appropriate  for 
\aeer  production,  and  a  lower  CCF  level  of  70.  The  1 10 

l°el  would  be  divided  by  436,  which  would  give  the 
asrage  crown  area  of  0.252.  This  corresponds  to  the 
anage  tree  size  of  3.5  inches  shown  in  table  3  in  the 

y)pendix.  Therefore,  the  first  thinning  on  this  planta- 
tn  would  be  made  when  the  average  size  of  the  trees 

I'd  reached  3.5  inches. 

To  determine  how  much  to  thin,  however,  it  is 

rcessary  to  estimate  the  average  tree  size  after  thinning. 
Ised  on  the  limited  data  available  at  this  time,  the 

Cimeter  after  thinning  can  be  calculated  by  multiplying 

3.5  inches  by  1.04  and  then  adding  0.4  inch.  Therefore, 
the  estimated  average  diameter  of  the  crop  trees  would 
be  4.0  inches. 

To  determine  the  number  of  trees  to  leave,  the  lower 

CCF  level,  70,  would  be  divided  by  0.298,  wliich  is  the 

average  crown  area  shown  for  a  4.0-inch  tree  in  table  3 
in  the  Appendix.  This  would  show  that  235  trees  should 
be  left. 

Using  the  same  procedure,  a  schedule  for  subsequent 
thinnings  on  this  plantation  could  be  set  up  as  follows: 

First  thinning 

Second  thinning 
Third  thinning 

Fourth  thinning 
Fifth  thinning 

Harvest 

BEFORE  THINNING 

Trees/acre Average  d.b.h 
(Number) (Inches) 
436 

3.5 
235 5.6 
131 8.4 
73 12.1 
41 16.9 

23 

23.4 

AFTER  THINNING 

Trees/acre Average  d.b.h 

(Number) (Inches) 

235 
4.0 

131 6.2 
73 9.1 
41 13.0 
23 18.0 

First  thinning 

Second  thinning 
Third  thinning 

Fourth  thinning 
Fifth  thinning 

Harvest 

This  procedure  can  be  used  with  all  upper  and  lower 

stocking  levels  and  with  any  number  of  trees  per  acre. 
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Table  3.  —  Tree  crown  area 

(In  percent  of  an  acre) 

Diameter  at breast 
height 

Inches 
: Tenths of    inches 

:    0.0 :    0.1 :    0.2 :    0.3 :0.4 :    0.5 :    0.6 :    0.7 :    0.8 :    0.9 

1 0.085 0.090 0.095 0.100 0.106 0.111 0.117 0.123 0.129 0.135 

2 .142 .148 .155 .161 .168 .175 .182 .190 .197 
.205 

3 .212 .220 .228 .236 .245 .253 .262 .270 
.279 

.288 

4 .298 .307 .316 
.326 .336 .345 

.356 

.366 .376 
.386 

5 .397 .408 .419 .430 .441 .452 .464 
.475 .487 

.499 

6 .511 .523 .535 .548 
.560 .573 .586 .599 .612 .625 

7 .639 .653 .666 .680 .694 .708 .723 .737 .752 .766 
8 .781 .796 .812 .827 .842 .858 .874 .889 

.906 
.922 

9 .938 .955 .971 .988 1.005 
1.022 

1.039 

1.056 
1.074 1.091 

10 1.109 1.127 
1.145 1.163 

1.182 1.200 1.219 
1.238 

1.256 1.275 

11 1.295 1.314 1.333 1.353 1.373 1.393 1.413 1.433 
1.453 

1.474 

12 1.494 1.515 1.536 1.557 1.578 1.600 1.621 1.643 1.665 
1.686 

13 1.708 1.731 1.753 1.775 1.798 
1.821 1.844 

1.867 1.890 
1.913 

14 1.937 1.960 1.984 
2.008 2.032 2.056 2.081 2.105 

2.130 2.155 

15 2.180 2.205 2.230 2.255 2.281 2.306 
2.332 

2.358 
2.384 2.410 

16 2.437 2.463 2.490 2.516 2.543 2.570 2.598 2.625 2.653 2.680 

17 2.708 2.736 2.764 2.792 2.821 2.849 2.878 2.906 2.935 2.964 
18 2.994 3.023 3.052 3.082 3.112 3.142 3.172 3.202 3.232 

3.263 
19 3.294 3.324 3.355 3.386 3.418 3.449 3.481 3.512 3.544 

3.576 

20 3.608 3.640 3.673 3.706 3.738 
3.770 3.803 3.837 3.870 3.903 21 3.937 3.970 4.004 4.038 4.072 4.106 4.141 4.175 4.210 4.245 

22 4.280 4.315 4.350 4.385 4.421 4.456 4.492 4.528 4.564 4.600 
23 4.637 4.673 4.710 4.747 4.784 4.821 4.858 4.896 4.933 4.971 

24 5.009 5.046 5.085 5.123 5.161 5.200 
5.238 

5.277 
5.316 5.355 25 

5.394 5.434 5.473 5.513 5.553 5.593 5.633 5.673 
5.714 5.754 26 5.795 5.836 5.876 5.918 5.959 6.000 6.042 

6.083 
6.125 6.167 

27 6.209 6.252 6.294 6.336 6.379 6.422 6.465 6.508 6.551 6.595 
28 6.638 6.682 6.726 6.770 6.814 6.858 6.902 6.947 6.992 7.036 

CCF  =    (table  value)    (number^of   trees  per  acre) 
Table  value  = 

CCF 
number  of  trees  per  acre 

Number  of  trees  per  acre  = CCF 
table  value 
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Metric  Conversion  Factors 

0  convert to Hultiply  by 

cres Hectares 0.A05 

aard  feet' Cubic  meters 0.005 

oard  feet/acre' Cubic  meters/hectare 0.012 

lains Meters 20.117 

prds
' 

Cubic  meters 
2.605 

5rds/acre' Cubic  meters/hectare 6.A37 
jbic  feet Cubic  meters 0.028 
iblc  feet/acre Cubic  meterr./hectare 0.070 

!grecs  Fahrenheit Degrees  Celsius 
;et Meters 0.305 

illons Liters 3.785 
illons/acre Liters/hectare 9.353 

iches Centimeters 
2.540 

:it-s Kilometers 1.609 

-les/hour Meters/second 0.447 
imber/acre Number /hectare 2.471 

jinces 
Grams 28.350 

imces/acre Grams/hectare 70.053 
lunds Kilograms 0.454 
lunds/acre Kilograms /hectare 1.121 

>unds/gallon Kilograms/liter 0.120 
uare  feet Square  meters 

0.093 

uare  feet/acre Square  meters/hectare 0.230 
ns Metric  tons 0.907 
r,?/acre Ketric  tons/hectare 2.242 

The  conversion 

'  Cers  can  only  be 
ah  assumed  5.663 

ot  and  a  cord  with 

^To  convert  "F 
°F-32. 
1.8 

of  board  feet  and  cords  to  cubic 

ppro::lmate;  the  factors  are  based 
board  feet  (log  scale)  per  cubic 
92  cubic  feet  of  solid  material, 

to  °C,  use  the  formula  5/9  (°F-32) 

Common  and  Scientific  Names 

of  Plants  and  Animals 
Plants 

Alder,  European     Alnus  glutinosa 
Anthracnose     Gnomonia  leptostyla 

Ash,  green   Fraxirtus  pennsylvanica 
Ash,  white   Fraxinus  ameriaana 

Autumn-olive   Elaeagnus  wnbellata 
Basswood,  American      Tilia  ameriaana 

Beech,  American   Fagus  grandi folia 
Boxelder      Acer  negundo 
Coffeetree,  Kentucky   GyrrmooZadus  dioicus 
Cottonwood,  eastern     Populus  deltoides 
Elm,  American     Ulmus  ameriaana 
Hackberry     Celtis  oaaidentalis 
Locust,  black     Robinia  pseudoaaaaia 
Oak,  northern  red   Queraus  rubra 

Redcedar,  eastern     Juniperus  virginiana 
Trumpetcreeper      Campsis  radiaans 
Walnut,  black     Juglans  nigra 
Willow     Salix   spp. 

Yellow-poplar     Liriodendron  tulipifera 

Animals 

Casebearers     Aarobasis  spp. 

Caterpillar,  black  walnut  ....  Datana  integerrima 
Squirrel,  eastern  fox     Saiurus  niger 

« 
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PESTICIDE  PRECAUTIONARY  STATEMENT 

Pesticides  used  improperly  can  be  injurious  to  man,  animals,  and  plants.  Follow  the 
directions  and  heed  all  precautions  on  the  labels. 

Store  pesticides  in  original  containers  under  lock  and  key  —  out  of  the  reach  of  children 
and  animals      and  away  from  food  and  feed. 

Apply  pesticides  so  that  they  do  not  endanger  humans,  livestock,  crops,  beneficial 
insects,  fish,  and  wildlife.  Do  not  apply  pesticides  when  there  is  danger  of  drift,  when 
honey  bees  or  other  pollinating  insects  are  visiting  plants,  or  in  ways  that  may 
contaminate  water  or  leave  illegal  residues. 

Avoid  prolonged  inhalation  of  pesticide  sprays  or  dusts;  wear  protective  clothing  and 
equipment  if  specified  on  the  container. 

If  your  hands  become  contaminated  with  a  pesticide,  do  not  eat  or  drink  until  you  have 
washed,  hi  case  a  pesticide  is  swallowed  or  gets  in  the  eyes,  follow  the  first-aid  treatment 
given  on  the  label,  and  get  prompt  medical  attention.  If  a  pesticide  is  spilled  on  your  skin 
or  clotliing,  remove  clothing  immediately  and  wash  skin  thoroughly. 

Do  not  clean  spray  equipment  or  dump  excess  spray  material  near  ponds,  streams,  or 
wells.  Because  it  is  difficult  to  remove  all  traces  of  herbicides  from  equipment,  do  not  use 
the  same  equipment  for  insecticides  or  fungicides  that  you  use  for  herbicides. 

Dispose  of  empty  pesticide  containers  promptly.  Have  them  buried  at  a  sanitary 
land-fill  dump,  or  crush  and  bury  them  in  a  level,  isolated  place. 

Note:  Some  States  have  restrictions  on  the  use  of  certain  pesticides.  Check  your  State  and 
local  regulations.  Also,  because  registrations  of  pesticides  are  under  constant  review  by 
the  Federal  Environmental  Protection  Agency,  consult  your  county  agricultural  agent  or 
State  extension  specialist  to  be  sure  the  intended  use  is  still  registered. 

i 
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FOREWORD 

This  is  one  of  a  series  of  manager's  handbooks  for  important  forest 
types  in  the  north  central  States.  The  purpose  of  this  series  is  to  present 
the  resource  manager  with  the  latest  and  best  information  available  in 
handling  these  types.  Timber  production  is  dealt  with  more  than  other 
forest  values  because  it  is  usually  a  major  management  objective  and 

more  is  generally  known  about  it.  However,  ways  to  modify  manage- 
ment practices  to  maintain  or  enhance  other  values  are  included  where 

sound  information  is  available. 

The  author  has,  in  certain  instances,  drawn  freely  on  unpublished 

information  provided  by  scientists  and  managers  outside  his  specialty. 
He  is  also  grateful  to  the  several  technical  reviewers  in  the  region  who 
made  many  helpful  comments. 

The  handbooks  have  a  simUar  format,  higlilighted  by  a  "Key  to 
Recommendations".  Here  the  manager  can  find  in  logical  sequence  the 
management  practices  recommended  for  various  stand  conditions. 
These  practices  are  based  on  research,  experience,  and  a  general  silvical 
knowledge  of  the  predominant  tree  species. 

All  stand  conditions,  of  course,  cannot  be  included  in  the  handbook. 

Therefore,  the  manager  must  use  technical  skill  and  sound  judgment  in 
selecting  the  appropriate  practice  to  achieve  the  desired  objective.  The 
manager  should  also  apply  new  research  findings  as  they  become 
available  so  that  the  culture  of  these  important  forest  types  can  be 
continually  improved. 
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NORTHERN  HARDWOODS 
IN  THE  NORTH  CENTRAL  STATES 

Carl  H.  Tubbs,  Principal  Plant  Physiologist 
Marquette,  Michigan 

jrthern  hardwoods,  broadly  defined,  cover  as 
ih  as  100  million  acres  in  the  Eastern  United 

ies  and  Canada.  They  are  an  important  source  of 
vral  valuable  timber  species,  and  provide  esthetic, 
Olife,  and  recreational  resources  for  many  people 

^:[g  nearby  in  eastern  and  midwestern  population 
rers. 

%Q  management  situation  for  northern 
uiwoods  has  changed  since  early  marking  guides 

s:p  published  20  years  ago.  Until  recently,  most  of 
.€"esearch  done  in  the  Lake  States  focused  on  the 
d'/idual  tree  selection  method.  So  we  have  the 

greatest  knowledge  of,  and  experience  with,  this 
method.  But  we  have  started  doing  more  research 

into  even-age  practices  to  increase  the  number  of 
silvicultural  alternatives  available.  Even-age  practices 
may  increase  efficiency  in  harvesting  and  stand 
tending,  help  provide  a  variety  of  wildlife  habitats, 
and  improve  species  composition. 

In  this  handbook  we  attempt  to  present  the  best 

information  now  available  on  both  even-age  and  all- 
age  management  so  the  forest  manager  has  the 
choice  of  the  one  that  best  fits  his  conditions  and 

management  objectives. 

SILVICAL  HIGHLIGHTS 

Nrthern  hardwoods  are  composed  of  several 

rt  t  types,  and  can  be  split  into  two  groups:  types 
a  are  largely  composed  of  sugar  maple  and  other 

irix  species  growing  on  well -drained  sites;  and 
ps  that  are  composed  of  subclimax  species 

0  ing  on  less  well-drained  or  excessively  drained 
te  In  the  Lake  States  both  groups  would  eventually 
;cTie  stands  with  significant  amounts  of  red 

aie'  or  sugar  maple,  or  beech.  (In  the  Lake  States 
;ei  does  not  extend  beyond  eastern  Wisconsin 
id  the  central  Upper  Peninsula  of  Michigan.) 
oibern  hardwoods  merge  with  boreal  forest  types 
i  13  north  and  central  hardwoods  in  the  south. 

'/jr  scientific  names  of  plants  and  animals,  see 
pj.ndix,p.27. 

The  major  northern  hardwood  species  are 

generally  shallow-rooted,  long-lived,  and  respond  to 
release  at  advanced  ages.  The  commercially 
important  species  range  from  moderately  to  very 

shade  tolerant.  The  long-term  ecological  trend  in 
northern  hardwoods  is  toward  sugar  maple,  sugar 

maple-beech,  or  maple-basswood  cover  types,  which 
are  climax.  The  most  slowly  changing  type  is  elm- 
ash,  which  may  be  climax  on  poorly  drained  sites; 

the  most  rapidly  changing  types  are  on  the  better- 
drained  sites.  Pcirtial  cutting  or  similar  disturbances 

normally  speed  the  change  toward  climax. 

The  major  hardwoods  are  prolific  but  sometimes 
irregular  seeders.  Maples  reproduce  easily  from 
seedlings  after  any  overstory  disturbance  that 
leaves  partial  shade;  other  species  such  as  yellow 
birch  and  eastern  hemlock  require  in  addition  some 



sort  of  seedbed  disturbance  for  good  reproduction 

(except  on  wetter  sites). 

Sprouting  ability  varies  among  northern 
hardwoods.  Beech,  the  elms,  basswood,  and  red 

maple  are  prolific  sprouters;  yellow  birch  seldom 
sprouts.  Young  trees  sprout  more  prolifically  than 
older  trees.  Only  the  sprouts  of  basswood,  and 

seedling  and  small  sapling  sprouts  (up  to  2  inches 
d.b.h.)  of  other  species,  are  considered  desirable  for 

reproducing  northern  hardwood  stands. 

Basswood  rates  the  highest  —  and  sugar  mapa 
the  lowest  —  in  general  tree  quality  (considerii^i 
stem  straightness,  forking,  growth  rate,  and 

tolerance);  other  species  are  intermediate.  Epicornn 

branching  —  a  common  cause  of  poor  form  —  |i 
frequent  in  northern  hardwoods  that  have  hen 

badly  suppressed  and  then  heavily  released. 

MANAGEMENT  OBJECTIVES dfi 

Northern  hardwood  tracts  can  be  managed  for 

any  one  of  several  objectives,  including  timber, 
water,  wildlife,  or  recreation;  or  for  any 
combination  of  these.  Owners  who  manage  for 

timber,  for  example,  include  those  consuming 

stumpage  themselves,  or  selling  stumpage  in  a 
variety  of  markets,  for  a  variety  of  products  and 

species.  Likewise,  recreation  management  can 
complex  and  include  practices  for  parks,  roadsideli 
streamsides,  and  the  protection  of  wintering  de« 
herds.  In  short,  stand  conditions,  site,  and  tree  si- 
alone  do  not  dictate  the  techniques  to  be  used;  tl 

many  possible  products  or  management  objectiv 
must  be  considered. 

DESCRIPTION  OF  NORTHERN  HARDWOOD  TYPES 

To  use  this  handbook,  first  select  the  forest  type 
in  the  following  list  that  comes  closest  to  the  one 
being  considered,  and  read  the  description  of  the 
type  on  the  page  indicated.  Then,  considering  the 
site,  the  mix  of  species,  and  the  economic 
limitations,  decide  what  your  objective  in  managing 
the  stand  will  be.  And,  with  help  from  the  type 

description,  decide  whether  to  use  even-age  or  all- 
age  techniques  to  achieve  your  management  objective. 
Then  turn  to  the  Key  to  Recommendations  on  page  6. 

List  of  northern  hardwood 

and  associated  types  Page 

Sugar  maple,  Sugar  maple-Basswood, 
Sugar  maple-Yellow  birch    2 

Beech-Sugar  maple    4 
Aspen-Northern  hardwoods    4 
Paper  birch,  Paper  birch- Aspen, 
Paper  birch-Northern  hardwoods    4 

Red  oak-Northern  hardwoods    4 
Hemlock-Northern  hardwoods    4 
Lowland  hardwoods    4 

Previously  unmanaged  second-growth- 
any  type    5 

Sugar  Maple, 

Sugar  Maple-Basswood, 

Sugar  Maple-Yellow  Birch 

These  are  the  types  in  which  sugar  maple  tru 

make  up  70  to  75  percent  of  the  stand.  In  the  suii 

maple-basswood,  and  sugar  maple-yellow  birii 
basswood  and  yellow  birch  would  comprise 

percent  or  more  of  the  stand,  respectively.  TIM'S 
types  could  be  managed  for  any  of  the  usi; 
objectives  —  timber,  pulp,  wildlife,  esthetics. 

Selection,  shelterwood,  or  clearcutting  can  all  ) 
used  to  regenerate  stands,  depending  on  conditioi  i 
Selection  leads  to  many-sized  stands  and  results  ii 

predominance  of  tolerant  species.  Shelterwood  a  i 
leads  to  tolerant  species;  shelterwood  with  scarifi ; 
tion  and  removal  of  advance  regeneration  leads  t< 
mixture  of  moderately  tolerant  and  tolerant  speci 

Where  sites  are  favorable  for  species  other  th  i 

sugar  maple,  both  shelterwood  and  selecti  i 
procedures  will  result  in  moderate  numbers  • 



[cies  other  than  maples.  Shelterwood  will  be  of 
i  in  concentrating  browse  and  creating  overstory 

inings  where  wildlife  is  important.  Clearcutting 
l^enerally  undesirable  if  timber  is  the  objective, 
fwever,  clearcutting  is  useful  for  wildlife  browse 
ti  for  converting  the  stand  to  less  tolerant  species 
1  he  southern  and  eastern  portions  of  the  range  of 
(thern  hardwoods. 

In  the  Upper  Great  Lakes  area  consider  options 

carefully  before  scarifying  or  clearcutting  on  very 

light  soils  (sands),  very  heavy  soils  (silt  or  clay 

loams),  or  other  areas  that  are  prone  to  invasions  by 

undesirable  grass  and  brush  (fig.  1).  Such  drastic 

procedures  frequently  fail  to  result  in  regeneration 
on  these  sites. 

Figure  1.— Removing  overstories  before  the  advance  regeneration  is  large  enough  may  result  in 
grass  and  brush  patches. 



Beech-Sugar  Maple 

In  this  type  beech  makes  up  20  percent  or  more 
of  the  stand,  and  sugar  maple  most  of  the 
remainder.  Stands  of  this  type  can  be  managed  for 
the  usual  objectives,  except  that  in  some  areas  beech 
is  less  valuable  for  timber  than  sugar  maple. 
However,  beech  mast  is  valuable  for  wildlife. 

Light  selection  cuttings  favor  beech  reproduction; 
heavy  selection  cuttings  (i.e.,  leaving  saw  log  stands 
of  only  50  square  feet  of  basal  area)  discriminates 
against  beech  reproduction.  In  other  respects 
management  techniques  that  apply  to  the  foregoing 
sugar  maple  types  also  apply  here. 

Aspen-Northern  Hardwoods 

Typically,  aspen  predominates  in  the  overstory  in 
this  type,  while  northern  hardwoods  are  invading 
the  understory.  Options  include:  (1)  maintaining 
and  managing  aspen  for  timber,  pulp,  or  wildlife  by 
complete  clearcutting  (Perala  1977);  (2)  converting 
to  northern  hardwoods  for  timber  or  wildlife  using 

the  shelterwood  or  selection  system;  or  (3)  main- 
taining a  mixture  of  aspen  and  northern  hardwoods 

for  wildlife  or  esthetic  objectives.  To  maintain  the 
mixture  on  the  same  area,  aspen  can  be  interspersed 
with  northern  hardwoods  in  clearcut  strips  or 
blocks,  while  the  northern  hardwoods  are  managed 
as  given  above. 

Paper  Birch,  Paper  Birch-Aspen, 
Paper  Birch-Northern  Hardwoods 

These  types  range  from  pure  paper  birch  to  paper 

birch  mixed  with  aspen,  to  paper  birch  mixed  with 
—  and  converting  to  —  northern  hardwoods  on  the 
better  sites.  Stands  of  these  types  could  be  managed 
for  sawtimber  and  veneer  (if  the  site  index  is  60  or 

more),  for  pulpwood,  or  for  their  esthetic  appeal. 

Where  birch  and  aspen  are  mixed  and  the  birch 
site  index  is  less  than  60,  the  stands  should  be 
clearcut  as  in  the  case  of  aspen  stands  (Perala  1977). 
Progressive  strip  clearcutting  and  scarification  of 
sites  having  a  site  index  of  60  or  more  will 
reproduce  paper  birch  on  mineral  soils. 

Red  Oak-Northern  Hardwoods 
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This  type  contains  20  percent  or  more  red  oM^ui, 
mixed  with  other  northern  hardwood  speciesil 
Stands  of  this  type  could  be  managed  for  any  of  thdiM 

usual  objectives,  however,  none  of  the  knowivy 
regeneration  methods  maintains  or  increases  tlwr 
amount  of  oak  in  the  stand.  Selection  cutting  leadi'i 

to  northern  hardwoods  the  fastest.  Clearcutting  if 
not  recommended. 

:iiai Hemlock-Northern  Hardwoods 
i 

Hemlock  is  a  prominent  species  in  this  typep 

Sugar  maple  is  less  common;  yellow  birch,  blachl  ̂  
ash,  red  maple,  and  elm  are  commonly  mixed  witlil 
the  hemlock.  L 

Any  of  the  usual  objectives  could  be  managed  folf, 

in  stands  of  this  type.  To  maintain  the  same  com|)0|[ 
sition  of  hemlock  and  hardwoods,  use  the  shelteiti! 

wood  method  with  site  preparation.  To  graduall;al[j, 
increase  the  more  tolerant  hardwoods  reproduce  thtL 

stand  using  the  selection  method.  Group  selection 

in  combination  with  individual  tree  selection  appeaM| 
to  increase  the  proportion  of  yellow  birch  in  this  typ(: 

Lowland  Hardwoods 
I 

These  wet  site  stands  are  characterized  t';] 
varying  mixtures  of  red  maple,  black  ash,  yeflo ' 
birch,  and  elm;  conifers  such  as  balsam,  hemlocl , 
spruce,  and  cedar  are  usually  present.  LowlaEV 

hardwoods  commonly  intergrade  with  swami 

conifer  types  and  the  hemlock-northern  hardwotl 
type.  The  types  are  frequently  intimately  mixfl 
over  large  areas.  ji 

Stands  of  lowland  hardwoods  could  be  manage  1; 

for  any  of  the  usual  objectives.  If  timber  is  tl ;: 
objective,  and  species  composition  and  site  ai ; 
relatively  good,  use  individual  tree  selection.  PockeJj 

of  hemlock-hardwoods  within  predominant!'! 
lowland  hardwood  areas  should  be  managed  thi 

same  way  unless  wildlife  and  esthetic  appeal  are  tl ! 
management  objectives.  In  the  latter  case  regenera  ; 

using  the  shelterwood  method  with  ground  prepar  • tion  to  maintain  the  hemlock. 



lOwland  hardwoods  are  often  defective  on  poorer 
;ter  sites.  These  sites  can  either  be  converted  to 

uce  or  be  reproduced  using  the  shelterwood 

jchod. 

/hen  swamp  conifers  form  the  majority  of  the 

ad,  regenerate  by  clearcutting  strips  1  tree-height 
'/idth  if  less  than  30  square  feet  of  basal  area  of 

lifers  remains  in  the  strip,  and  2  tree-heights  in 
hh  if  more  than  30  square  feet  of  basal  area 
:::ains  (Johnston  1977a,  1977b). 

maple  but  may  be  composed  of  any  mixture  of 
species;  some  stands  have  originated  mostly  from 
sprouts.  Grassy  or  brushy  openings  may  be  common. 

Before  unmanaged  second-growth  pole  stands 
(defined  here  as  having  less  than  50  square  feet 

basal  area  of  saw  log-size  trees  —  these  at  least  10 
inches  d.b.h.)  can  be  brought  under  either  even-age 
or  all-age  management,  their  quality  must  be 
improved.  The  following  improvement  scheme  is 

for  second-growth  stands  composed  primarily  of 
high-value  hardwoods.  Aspen  and  white  birch 
mixtures  are  considered  elsewhere. 

Previously  Unmanaged 
Second-Growth  —  Any  Type 

]ast  extensive  use  of  northern  hardwood  forests 

ae  left  many  stands  in  relatively  poor  condition 
intensive  management.  These  kinds  of  stands 

termed  "second-growth"  by  many  foresters. 
hy  are  typically  rather  even-size,  pole-size  or 
tiler,  with  a  scattered  overstory  poorly  formed  or 
ctive  saw  logs.  Stands  are  often  primarily  sugar 

Make  an  initial  improvement  cut  concentrating  in 
the  most  abundant  size  class  (5  to  9  inches  d.b.h.) 

also  removing  the  most  defective  and  poor  quality 
stems  of  all  sizes.  A  cut  that  leaves  80  to  85  square 
feet  (5  inches  d.b.h.  +)  in  the  residual  stand  with 

the  major  cut  in  the  poles  is  optimum  for  most 

species  groups  other  than  hemlock  or  basswood. 

Subsequent  cuts  at  10-  to  15-year  intervals  should 
aim  at  an  all-size  structure  for  all-age  practice  (see 

table  1,  p.  19,  Appendix)  while  even-age  thinning 
should  lead  to  an  even-sized  stand  (see  figs.  6,  7,  8, 
p.  20, 21, 22,  Appendix). 



KEY  TO  RECOMMENDATIONS 

After  having  read  the  description  of  the  type 
being  considered,  go  to  the  section  in  this  key  that 

best  describes  the  size  tree  and  stocking  (seedling  — 

well-stocked,  sapling  —  well-stocked,  pole  —  well- 
stocked,  sawtimber  —  well-stocked,  any  size  — 
understocked)  in  the  stand  being  considered.  In  that 
section  find  the  statement  that  best  describes  the 

stand,  and  turn  to  the  recommendation  number 

indicated  on  page  7.  The  recommendations  also 

refer  you  to  pages  in  the  all-age  and  even-age 
management  sections  for  details  of  techniques,  or  to 
figures  in  the  appendix.  (Note  that  in  the  key,  the 

first  six  recommendations  —  for  seedling  and 
sapling  size  stands  —  all  recommend  even-age 
practices.  Not  until  stands  reach  pole  size  should  all- 
age  practices  be  considered.) 

Seedling  —  well-stocked 

(less  than  1.4  inches  d.b.h.) 

1 .  Stands  without  overstories   
2.  Stands  with  scattered  overstories 

of  less  than  40  square  feet: 
a.  Scattered  aspen  or 

red  maple  overstories   
b.  Other  overstory  species   

Sapling  —  well-stocked 
(1.5  to  4.5  inches  d.b.h.) 

1 .  Stands  with  yellow  birch  and/or 
basswood  or  red  maple 
sprout  clumps   

2.  Stands  without  sprouts  or 
yellow  birch   

3.  Stands  with  scattered  overstories 

of  less  than  30  square  feet   

Recom- 
menda- tion 

Number 

4 

5 

6 

Pole  Stands  —  well-stocked 

(4.6  to  9.5  inches  d.b.h.) 

1.  Less  than  100  square  feet  basal 
area  per  acre   

2.  More  than  100  square  feet  basal 

area  per  acre: 
a.  Yellow  birch  (20  percent  or  more) . 
b.  Hemlock  (50  percent  or  more) .... 
c.  Northern  hardwoods  (other  than 

those  listed)   

d.  Aspen-northern  hardwood   

e.  Paper  birch,  paper  birch- 
northern  hardwoods: 

Less  than  site  index  50    iS 
Site  index  50  to  60    l| 

Site  index  60  and  better    14.|| 

f .  Sugar  maple-basswood    1§ 

g.  Sugar  maple-beech    If 

Saw  Log  Stands  —  well-stocked 
(9.6  inches  d.b.h.  and  up) 

1.  Northern  hardwoods  (red  oak- 
northern  hardwoods,  lowland 
hardwoods,  sugar  maple  types): 

a.  Less  than  80  square  feet  saw  log 
basal  area   

b.  More  than  80  square  feet   

2.  Sugar  maple-beech   
3.  Paper  birch  site  index  60  or  better  . . . 

4.  Paper  birch-northern  hardwoods  .... 
5.  Hemlock,  hemlock-hardwoods   

17  n 

18',  0- 

19' ■  al 

Any  size  —  understocked 

Less  than  40  square  feet  of  poles  or  I 

saw  logs  or  less  than  1,000  well-spaced 

saplings  or  5,000  well-spaced  seedlings  2.'l! 



LIST  OF  RECOMMENDATIONS 
Do  nothing  now;  review  when  stand  reaches 
sapling  size. 
When  reproduction  reaches  4  feet  in  height  and 
is  50  percent  or  better  stocked  with  desirable 
species,  remove  or  kill  the  overstory  (p.  11). 

When  reproduction  reaches  sapling  size,  remove 
overstory,  poison  red  maple  stumps  if  necessary 
(p.  10). 
Thin  yellow  birch  (p.  10)  and  sprout  clumps 

(p.  10). 
Do  nothing  now;  review  when  stand  reaches 

pole  size. 
Remove  or  kill  overstory. 

If  stands  are  to  be  managed  under  the  all-age 
system,  do  nothing  until  stands  reach  100 
square  feet  basal  area.  If  stands  are  to  be 

managed  under  even-age  system,  follow  even- 
age  stocking  levels  (Appendix,  p.  20). 

To  encourage  yellow  birch: 

a.  In  even-age  stands  do  timber  stand  improve- 
ment work  (TSI),  releasing  birch  and  dis- 

criminating against  sugar  maple  (p.  10). 

b.  If  all-age  stands  are  to  be  developed,  do  TSI, 
favoring  any  high-quality  stem  of  amy  desir- 

able species,  especially  yellow  birch  of  any 
size  (p.  9). 

To  encourage  hemlock  do  TSI,  following  even- 
age  stocking  levels  (fig.  8,  Appendix),  dis- 

criminate against  sugar  maple  first;  then  other 
hardwoods  (p.  10). 
To  develop  hardwood  stands  do  TSI  when  stands 
reach  100  square  feet  (4.6  inches  d.b.h.  and 

over)  favoring  any  high  quality  stem  of  desir- 
able species;  use  either  even-age  or  aU-age  tech- 

niques (p.  9, 10). 

To  maintain  even-age  stands  do  TSI,  using  the 
even-age  stocking  guide  (fig.  6,  Appendix). 
To  develop  all-age  stands  do  TSI  when  stands 
reach  100  square  feet,  using  all-age  techniques 
(p.  9). 

a.  To  maintain  aspen,  clearcut  (Perala  1977). 
b.  If  the  understory  is  northern  hardwood, 

convert  to  northern  hardwoods  by  making 
partial  cuts  (p.  10  and  p.  12). 

c.  If  the  stand  is  a  mixture  of  northern  hard- 
woods and  aspen  poles,  convert  to  northern 

hardwoods  (p.  10  or  fig.  6,  Appendix);  dis- 
criminate against  aspen. 

a.  Clearcut  before  age  60  (p.  13). 
b.  If  understories  of  desirable  tolerant  species 

are  present,  make  partial  cuts  (p.  10). 

-  ALL-AGE  AND  EVEN-AGE 
13.  Same  as  12  except  that  one  thinning  is  possible 

(p.  13). 14.  Thin  from  below  if  markets  are  available.  Dis- 
criminate against  other  hardwoods  to  maintain 

paper  birch  (p.  13);  favor  other  hardwoods  to 
convert  to  northern  hardwoods  (p.  10). 

15.  In  stands  with  50  percent  or  more  basswood, 
cut  when  stands  reach  about  130  square  feet  or 

over  (p.  11  or  fig.  7,  Appendix).  In  stands  with 
less  than  50  percent  basswood,  cut  when  stands 
reach  100  square  feet  or  over  (p.  9  or  fig.  6, 

Appendix). 
16.  To  discriminate  against  beech,  reduce  residual 

basal  area  to  60  square  feet  cutting  as  much 
beech  as  possible  (p.  9  or  fig.  6).  To  maintain 
or  increase  beech,  leave  residual  stands  with  85 

square  feet  or  more  (p.  9  or  fig.  6,  Appendix). 

17.  Reexamine  in  10  years  if  even-age  (fig.  6, 
Appendix)  or  follow  all-age  guides  (p.  9). 

18.  To  maintain  or  develop  even-age  stands  of 
tolerant  hardwoods,  thin  according  to  even-age 
stocking  guides  (fig.  6  and  7,  Appendix)  and 
regenerate  using  shelterwood  techniques  (p.  11). 

To  maintain  or  develop  all-age  stands  of  tolerant 
species,  make  selection  cuts  at  about  10-year 
intervals  (p.  9). 

19.  To  reduce  beech  stocking,  make  selection  cuts 
to  50  square  feet  of  basal  area  per  acre  in  saw 

log-size  stems  cutting  beech  whenever  possible. 
20.  To  maintain  paper  birch,  strip  clearcut  with  site 

preparation  (p.  13). 
21.  To  convert  to  northern  hardwoods,  make  partial 

cuts(p.  10, 11). 

22.  a.  To  maintain  hemlock,  thin  until  rotation  age 

following  even-age  techniques  (fig.  8,  Ap- 
pendix) then  use  shelterwood  techniques  with 

site  preparation  and  artificial  seeding  to 
regenerate  (p.  12). 

b.  To  maintain  yellow  birch,  thin  until  rotation 

age  using  even-age  techniques,  discriminate 
against  sugar  maple  (fig.  6,  Appendix)  use 
shelterwood  techniques  with  site  preparation 

(p.  12). c.  To  convert  to  even-age  tolerant  hardwoods, 
thin  to  northern  hardwood  standards  (fig.  6, 

Appendix)  use  shelterwood  without  site 
preparation  (p.  11). 

d.  To  convert  to  all-age  stands  of  northern 
hardwoods,  use  selection  techniques  (p.  9). 

23.  Do  nothing  if  hardwood  or  wildlife  production 
is  the  goal.  Convert  to  appropriate  conifer  if 
immediate  production  is  required  (p.  13). 



ALL-AGE  SILVICULTURE 

Developing  Balanced  Size  Classes 

All-age  silviculture  is  a  good  choice  if  tolerant 
species  are  expected  to  dominate  the  stand  (fig.  2). 
Individual  tree  selection  is  the  recommended  cutting 

method;  group  selection  is  sometimes  used  in  con- 
junction with  individual  selection. 

To  develop  balanced  size  classes  for  good  growth 

and  highest-quality  yields  consistent  with  manage- 
ment goals,  use  the  following  procedure. 

Stocking  Level 

Try  to  maintain  stocking  at  70  square  feet  per 
acre  in  trees  10  inches  d.b.h.  and  over  when  cutting 
cycle  does  not  exceed  15  years.  This  is  the  optimum 
stocking  of  northern  hardwoods  for  maximum 

board-feet  growth  of  high-quality  saw  logs  on 

average  sites.  For  timber  management  do  not 
below  50  square  feet  per  acre  or  above  about 
square  feet  per  acre. 

Maximum  Tree  Size 

Cut  trees  when  they  are  financially  mature  or^ 
times  when  removal  will  benefit  the  surroundili 
stand,  or  when  a  combination  of  these  considerati( 
seems  optimum.  Set  goals  for  stocking  level  a 
tree  size  for  all  cutting  units  regardless  of  thi 
present  size-class  distribution. 

Size-Class  Distribution 

Use  a  tested,  empirical  size-class  distribut :' 
(table  1,  Appendix)  as  a  marking  guide  to  maxiir : 
board-foot  growth,  or  calculate  a  size-class  distri  i 
tion  for  this  purpose  (see  Appendix,  p.  19).  (If  j  ( 

calculate  a  size-class  distribution,  note  that  la  i 

Figure  2.— Selection  stand  of  sugar  maple  and 
associated  species.  After  one  cut  the  stand  resembles 
a  shelterwood;  several  periodic  cuts  are  necessary 
to  develop  good  size  class  structure. 



hios  between  size  classes  lead  to  many  small  trees, 

'ihile  small  ratios  lead  to  greater  numbers  of  large 
lees.) 

Size-class  distributions  are  guidelines  only;  the 
lie  classes  can  be  rather  broad.  In  general  in  un- 
igulated  stands,  the  heaviest  cut  will  be  in  the 

uer-abundant  size  classes,  while  in  regulated 
i'ands  some  trees  will  be  cut  in  all  the  merchantable 

ize  classes.  Experience  has  shown  that  4-  or  5-inch 
ib.h.  classes  are  precise  enough  for  field  work.  The 
iitial  development  of  stands  understocked  with 

j'w  logs  requires  only  two  classes  (saw  logs  and 
f)les). 

cutting  Cycle 

Choose  cutting  cycles  so  that  stands  are  cut  when 

|4ey  reach  90  to  100  square  feet.  Normally  this 
11  occur  between  8  and  12  years  after  the  stand 
s  been  cut  to  not  less  than  60  to  70  square  feet  of 
sidual  basal  area  per  acre.  In  stands  overstocked 

|ith  poles,  these  figures  apply  to  trees  5  inches 

(jb.h.  and  up.  In  saw  log  stands  they  apply  to  all 
jees  10  inches  d.b.h.  and  up. 

;The  cutting  cycle  length  in  years  divided  into  the 
amber  of  acres  of  land  equals  the  annual  cutting 
rea. 

Regenerating  and  Treating 

All-Age  Stands 

aw  Log  Stands:  A  t  Least  50  Square  Feet 
iasalArea;  Trees  9.6  Inches  d.b.h.  or  More 

Harvest  mature  timber.  Do  not  reduce  saw  logs 
elow  50  square  feet  per  acre  or  leave  above  90 
quare  feet  per  acre.  (These  figures  may  be  exceeded 

||n  very  good  sites  or  where  short  cutting  cycles  are 
ossible  or  where  significant  numbers  of  conifers  or 
mall-crowned  hardwoods  such  as  basswood  are 
Iresent.) 

j  Cut  in  all  merchantable  size  classes  in  regulated 
jtands.  Cut  trees  first  that  may  not  survive  the 
utting  cycle,  followed  by  defective  trees  (table  2, 

Appendix),  then  trees  whose  economic  potential 
has  been  realized.  In  all  removals  consider  the 
effects  on  the  remaining  trees.  In  deficient  size 
classes  of  unregulated  stands,  remove  only  those 
trees  that  have  no  potential  for  further  economic 
growth  or  are  interfering  with  the  growth  of  a 
better  tree  (p.  24,  Appendix).  Cutting  in  the  sapling 
class  is  not  necessary;  cutting  in  the  pole  class  should 
be  for  improvement  or  occasionally  thinning  where 
large  groups  of  overstory  trees  were  removed. 

Hemlock-hardwood.— \n  stands  overstocked  with 

saw  logs  first  cut  back  to  100  to  150  square  feet  of 
basal  area  per  acre.  A  salvage  should  be  planned 
within  5  years  after  the  first  cut  in  overmature 
stands.  Subsequent  cutting  of  these  stands  should 

reduce  the  stand  to  80  square  feet  of  residual  basal 

area  per  acre  in  trees  10  inches  and  larger.  The 
cutting  cycle  should  average  about  10  years. 

Pole  Stands:  Less  Than  50  Square  Feet 
Basal  A  rea  Per  A  ere;  Trees 
4. 6  to  9.5  Inches  d.  b.  h. 

The  cut  should  normally  be  concentrated  in  the 
pole  class.  Only  the  poorest  saw  logs  should  be  cut. 
Stands  should  be  entered  when  a  sufficient  number 

of  trees  have  acceptable  merchantable  lengths.  The 
amount  of  cutting  in  the  pole  size  class  is  keyed  to 
the  amount  of  merchantable  saw  log  overstory.  This 

is  necessary  to  obtain  the  largest  amount  of  board- 
foot  growth  in  the  shortest  time  and  to  quickly 

develop  size-class  distributions  capable  of  sustained 
yields  of  high-value  saw  log  products. 

Use  the  guidelines  in  the  tabulation  below  to 

maximize  board-foot  production  as  the  stand 
develops.  Reducing  pole  components  of  stands  to 
the  smaller  of  the  basal  areas  will  increase  individual 

tree  growth  rates;  choosing  the  higher  figure  will 
aid  tree  quality  but  reduce  individual  tree  growth 
rates. 

Leave  indicated  basal 

If  saw  log  (1 0  inches  area  in  poles 
d.  b.h.)  basal  area  is:  5  to  9  inches  d.  b.h. 

(Square  feet  per  acre) 
0 

20 
40 
50 

60  to  85 
40  to  65 
30  to  50 

20  to  40 



It  should  be  emphasized  that  as  nuuh  of  the 

merrhantable  saw  log  overstory  should  he  kept  as 

possible. 

Initially  remove  saw  log-sized  trees  only  because 
of  risk  or  cull.  Board-foot  growth  increases  as  the 

saw  log  basal  area  increases;  board-foot  growth 
increases  sharply  when  the  pole  class  is  thinned  if 

merchantable  saw  logs  are  not  removed.  For 

example,  a  stand  containing  20  square  feet  of  saw 

logs  and  70  square  feet  of  poles  may  grow  as  much 
as  200  board  feet  per  acre,  and  in  10  years  the  saw 

log  component  will  increase  to  about  40  square  feet. 
If  the  original  20  square  feet  of  saw  logs  are 

removed,  the  growth  will  be  less  than  100  boaif*''^ 
feet  per  acre.  After  the  saw  log  component  reachi^F 
60  square  feet  or  over,  then  saw  log  growth  can  1| 
harvested  without  reducing  future  yields  in  mar  j 
cases. 

IWi 

Aspen  or  Paper  birch-Northern  hardwoods.— Fa.'Pi 
birch  or  aspen  on  northern  hardwood  sites  may 
converted  to  northern  hardwoods  by  partial  cuttiui 

The  partial  cutting  should  follow  northern  han 
wood  guides  for  total  stocking,  i.e.,  leave  70  to 
square  feet  per  acre  in  trees  4.6  inches  d.b.h.  aiij 

larger,  discriminating  against  white  birch  or  aspt^ 

EVEN-AGE  SILVICULTURE 

Even-age  silviculture  can  be  used  for  both  shade 
tolerant  and  those  tree  species  less  tolerant  of 

shade;  reproduction  methods  include  shelterwood 
and  clearcutting.  The  former  method  can  be  used 
with  site  preparation  to  improve  the  proportion  of 

moderately  tolerant  species  and  to  improve  harvest- 
ing efficiency;  the  latter  method  for  the  reproduction 

of  intolerant  species. 

Because  less  is  known  about  even-age  procedures, 
recommendations  are  more  tentative  than  for  all- 
age  procedures.  Optimum  stocking,  rotation,  and 
thinning  schedules  have  not  been  studied  for  all 
species.  Rotation  may  be  as  short  as  50  years  for 
fiber  products  or  as  long  as  200  years  for  eastern 

hemlock  when  esthetics  is  an  important  manage- 
ment goal.  Rotation  lengths  of  red  and  sugar  maple 

and  yellow  birch  can  vary  from  90  to  120  years 
depending  on  site  and  the  intensity  of  management. 

Tending  Even-Age  Stands 

Seedling-Sapling  Stands 

The  objective  is  to  maintain  composition  and 
remove  overstory  competition. 

First,  remove  or  kill  scattered  overtopping  trees, 
both  cull  and  sound.  Yellow  birch  saplings  should  be 
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crown-released  between  10  and  20  years  of  age.  f 
trees  whose  crowns  are  within  5  feet  but  not  ni  i 

than  10  feet  of  the  crown  of  the  birch.  Trees  tc' 
released  should  be  at  least  codominemt  and  unforlrfe 

Sapling-size  basswood  and  red  maple  sppnj 
clumps  should  be  thinned  to  two  or  three  of 

straightest,  least-defective  stems.  Release  of  sapliii* 

of  other  hardwood  species  ordinarily  will  not  ' 

practical. 

Pole  Stands  i 

Markers  have  several  silvicultural  objectives  , 

keep  in  mind.  Remove  trees  with  httle  growth  :  I 

grade  potential  to  upgrade  the  stand  and  redr 
mortality,  and  release  trees  with  good  potentia 
increase  growth  without  substantial  quality  Li 

Keep  stocking  that  will  maintain  productivity.     ■ I 

Begin  releasing  pole  stands  when  clear  leng;' 
are  adequate  for  management  purposes  (norm:  I 

1-1/2  logs  in  height).  First  release  trees  that  are  \ » 

formed  and  have  no  forks  or  strong  forks.  Ti;' 
whose  crowns  are  small  (usually  weak  codomina  i| 
or  intermediates)  must  receive  only  light  crc^ 

release  (remove  adjacent  trees  whose  crowns  i 
within  5  feet)  or  selection  thinning  (remove  1  or ; 
the  most  competitive  trees).  Codominant 

dominant  trees  of  good  form  and  foliage  denii 
may  receive  a  heavier  release.  For  the  first  thinn;  i 



(lease  only  crop  trees  —  those  whose  potential  for 

•owth  and  quality  is  high. 

In  northern  hardwoods,  do  not  reduce  the  basal 

i]-ea  of  trees  4.6  inches  d.b.h.  and  over  to  less  than 
«)  square  feet,  or  leave  more  than  85  square  feet  in 

•ees  4.6  inches  d.b.h.  and  over  unless  basswood  or 
!!?mlock  are  present  (figs.  6,  7,  8,  Appendix).  White 

I'rch  on  good  sites  should  be  thinned  from  below 
]|*imarily,  and  crown  cover  of  the  main  stand 
ilould  be  as  continuous  as  possible.  White  birch 

jrobably  will  not  respond  to  thinning  past  age  60. 

j'emlock  or  basswood  pole  stands  should  be  thinned 
lorn  below  following  even-age  stocking  levels  (figs. 

'i  8,  Appendix).  Unless  planned  for  wildlife  purposes, 
{foid  large  openings  which  may  result  in  excessive 
lanching  on  border  trees. 

Natural  pruning  is  usually  efficient  enough  to 
move  nearly  all  the  limbs  from  the  butt  log  in 
ands  with  60  square  feet  or  more;  most  live  limbs 

.  pole-sized  (5  to  9  inches  d.b.h.)  trees  are  in  the 
!Cond  log. 

I 

po  not  prune  until  3  years  after  release  to  reduce 
Oicormic  sprouting.  Unreleased  trees  should  not  be 
IJuned.  Trees  to  be  pruned  should  be  in  the  dominant 
ad  codominant  crown  classes  and  should  be 

]:itential  crop  trees.  Discoloration  and  decay  result- 
%  from  artificial  pruning  of  northern  hardwoods 
{e  not  important  and  may  even  be  less  than  that 
(curring  after  natural  pruning. 

'  I 
jWound  

healing  

time  
is  shortened  

by  
pruning ,  .Jnbs  close  to  the  bole.  (Wound  healing  is  delayed 

jto  3  years  for  each  1/4  inch  of  branch  stub  left.) 
[ounds  heal  fastest  on  rapidly  growing  trees  with 
|)od  crown  development.  As  a  rule  of  thumb,  a 
:.dial  growth  equal  to  the  width  of  the  wound  is 

Ijquired  to  completely  heal  the  wound.  White  ash 
iljid  American  elm  heal  the  fastest,  followed  by 

i^gar  maple  and  yellow  birch.  Basswood  is  variable. 
nder  current  economic  conditions,  trees  under  6  or 

inches  d.b.h.  should  usually  not  be  pruned  since 
vmpound  interest  costs  can  equal  or  overtake  the 

|turns  from  pruning  trees  smaller  than  this  before 
irvest.  It  is  economically  questionable  to  prune 

j'anches  in  the  second  log  with  the  equipment 
l^ently  available  since  costs  are  high  and  pruning 
difficult  to  perform  correctly  at  this  height. 

Saw  Log  Stands 

First  remove  culls,  trees  with  weak  forks,  partially 
windthrown  or  leaning  trees,  those  with  badly 
cankered  areas,  trees  with  dieback  or  black  bark 

stemming  from  sapsucker  attack,  and  trees  with 
other  characteristics  indicating  serious  loss  of 
merchantability  (table  2,  Appendix)  or  mortality 
before  the  next  cutting  cycle.  Remove  mature  and 
financially  mature  trees  (generally  those  with  no 
possibility  of  attaining  veneer  or  saw  log  grades  1  or 
2)  and  those  not  needed  for  silvicultural  purposes. 
Next  remove  trees  interfering  with  the  growth  of 
those  with  higher  grade  potential.  Avoid  large 
openings  which  may  reduce  quality  of  border  trees. 

In  northern  hardwood  stands  with  less  than  20 

percent  conifers  or  basswood,  the  stocking  level  of 
the  main  stand  should  not  be  reduced  below  80 

square  feet  per  acre  and  should  not  exceed  120 

square  feet  per  acre. 

Stands  containing  appreciable  numbers  of  bass- 
wood,  or  hemlock,  or  other  conifers  can  be  thinned 
to  about  70  percent  crown  cover  or  to  basal  area 
levels  suggested  in  figures  7  and  8  in  the  Appendix. 

Regenerating  Even-Age  Stands 

Two-Cut  Shelterwood  For  Tolerant  Species 

1.  Select  stands  that  are  moderately  well  stocked 

with  advanced  regeneration  of  desirable  species. 

Stands  should  average  at  least  8  inches  d.b.h.  If  the 
stocking  of  advanced  reproduction  is  sparse, 
consider  the  three-cut  shelterwood  outlined  below. 

2.  Marking  must  be  from  below.  Leave  60  percent 
crown  cover  at  regular  spacing.  All  trees  left  must 
be  considered  part  of  the  residual  crown  cover. 

3.  Initial  logging  should  be  done  only  when  the 

ground  is  snow-covered  to  minimize  seedling  loss. 
4.  Remove  the  overstory  after  the  reproduction 

attains  a  height  of  3  to  4  feet.  A  minimum  of  5,000 

well-spaced  seedlings  per  acre  or  1,000  well-spaced 
saplings  per  acre  (2-  to  4-inch  d.b.h.  class)  are 
present.  Log  when  the  ground  is  snow-covered, 
removing  all  stems.  Lopping  of  slash  should  be 
minimized  and  restricted  to  recreational  or  access 
areas. 

11 



5.  Space  "leave"  trees  as  uniformly  as  possible. 
Crown  areas  and  spacing  per  acre  may  be  calculated 

by  using  the  crown  area  per  tree  (table  3,  Appendix). 

Modifications  to  favor  yellow  birch.  (1)  Choose 

cool,  moist  (hemlock-hardwood)  sites  for 

regenerating  yellow  birch  (fig.  3).  (2)  Discriminate 

against  mature  sugar  maple  in  the  residual  over- 

story  during  marking.  Leave  no  more  than  70 

percent,  nor  less  than  30  percent,  crown  cover  of 

the  most  vigorous  trees.  The  lower  of  the  residual 

crown  covers  can  be  used  where  scarification  is  done 

on  well-drained  soils.  Higher  basal  areas  should  be 

used  when  fire  is  prescribed  or  on  wetter  sites  that 

are  not  scarified.  (3)  Scarify  50  percent  or  more  of 

the  surface  area  after  leaf  fall  but  prior  to  logging. 

(Scarification  in  saw  log  stands  often  is  most  easily 

done  before  logging  debris  litters  the  ground.)  1 

not  scarify  soils  classed  as  "sands".  Scarificati 
should  aim  at  mixing  the  humus  and  mineral  Stjl 

and  destroying  advance  regeneration.  Kill  ad  vane  f^ 
regeneration  prior  to  cutting  on  sites  too  difficult  i" 
scarify.  (4)  Make  the  first  cutting  during  a  moders  ilP 

or  better  seed  year,  or  direct  seed  before  mid  win!  >  ■' 
at  a  rate  of  at  least  1/4  pound  per  acre  on  1 1  ■ 
scarified  area. 

Modifications  for  converting  Aspen-Northe  ,' 
hardwoods  to  Northern  hardwoods.— FoWovf  ti 
shelterwood  recommendations  for  tolerar: 

hardwoods.  Allow  at  least  5  years  between  the  fir ; 
removal  and  the  first  shelterwood  cut.  The  purpc ; 
of  the  overstory  is  to  aid  in  the  establishment  of  1 1 
northern  hardwood  understory  and  to  supprd 

aspen  sprouts  resulting  from  the  first  cut. 

Figure  3.— Yellow  birch  reproduction  under  a  shelter- 
wood  overstory. 

\ 
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hree-Cut  Shelterwood 

Three-cut  shelterwoods  may  be  used  where 
'^thetics  are  a  management  objective,  where 
Ivance  regeneration  is  sparse,  or  where  serious 

ass-brush  invasion  is  probable.  Bring  the  residual 
.and  to  50  percent  crown  cover  in  two  cuts  as 
)llows: 

In  mature  saw  log  stands  of  most  hardwoods,  the 
;rst  cut  from  below  should  leave  90  to  100  square 
et  of  residual  basal  area  in  trees  over  9.6  inches 

'  b.h.  or  about  80  percent  crown  cover.  When  the 
generation  is  about  4  feet  in  height  (5  to  10  years) 

;  second  cut  to  about  50  percent  crown  cover  will 
irtially  release  the  regeneration. 

The  final  removal  should  be  made  before  re- 
meration  reaches  15  feet  in  height. 

dear  cut  ting 

Clearcutting  to  provide  new  even-age  stands  of 
lost  northern  hardwood  species  from  seed  is 

{'nerally  the  least  desirable  of  the  regeneration 
lethods  in  the  Upper  Great  Lakes  area.  However, 
Oarcutting  has  application  in  some  situations. 

^:liere  the  major  high- value  tolerant  species  are 
iiherently  poorly  formed,  for  example,  and  the  only 
t^sirable  species  are  intolerant,  clearcutting  or 
(sarcutting  and  planting  may  be  the  only  feasible 
itematives. 

Clearcutting  by  itself  is  not  sufficient  to  convert 
lands  to  more  desirable  species;  other  measures 

lust  be  used  in  addition  to  remove  maple  reproduc- 
Dn.  If  fire  is  chosen,  burn  in  the  spring  during 
afout  and  before  cutting.  Or,  scarify  by  whatever 

leans  available;  or  use  a  registered  herbicide,  (see 

ipsticide  Precautionary  Statement,  p.  28). 

Converting  to  conifers.  If  conifers  are  planted, 
le  size  of  the  clearcut  has  no  stringent  silvicultural 
itnitations  except  that  areas  which  may  be  reseeded 

|/  sugar  maple,  or  where  hardwood  sprouting 
:curs,  should  be  weeded  during  the  first  5  years. 

Maintaining  or  converting  to  white  birch.— Clear- 
cutting  to  regenerate  white  birch  may  need  to 
be  supplemented  by  treatment  of  advance 
regeneration,  depending  on  the  site.  First 
determine  the  site  index  of  stands  to  be  converted  to 
white  birch  by  using  site  index  curves  for  old  stands 

(fig.  9,  Appendix),  soil  measurements  for  young 
stands,  or  both.  Because  sites  vary  considerably  in 
short  distances,  manageable  units  should  be  outlined, 
and  the  most  common  site  index  within  the  unit 
should  be  considered  to  be  the  site  index  for  the 
whole  unit. 

Sites  with  a  site  index  below  50  generally  have 

poor  surface  drainage  or  are  on  steep  slopes,  and 
have  silt  plus  clay  percentages  less  than  10.5. 

Clearcut  paper  birch  for  pulpwood-size  products 
before  stands  are  60  years  old:  Regeneration  may  be 

primarily  by  sprouts.  Stands  older  than  60  years 
will  sprout  poorly. 

Stands  with  site  index  50  to  59  should  be 

managed  the  same  as  those  below  site  index  50. 
Total  value  yield  can  be  increased  by  making  a  light 
thinning  from  below  when  the  stand  is  about  50 
years  old.  If  the  stand  is  thinned,  the  rotation  age 
can  be  increased  to  about  70  years.  If  it  is  not 
thinned,  treat  the  same  as  stands  below  site  index 
50. 

Stands  with  a  site  index  of  60  and  better  have  silt 

plus  clay  percents  greater  than  10.5  in  the  top  6 
inches  of  mineral  soil;  surface  drainage  is  usually 

medium  to  good.  Mottling  in  the  upper  4  feet  of  soil 
also  indicates  a  good  site.  Manage  stands  on  these 

sites  for  saw  logs  and  veneer.  Pure  stands  can  be 
thinned  for  pulpwood  at  age  40  to  50  years. 

Thinning  should  primarily  be  from  below.  Avoid 

creating  large  openings  in  the  crown  canopy.  Clear- 
cut  when  the  stand  is  about  80  to  90  years  old. 

Strips  should  be  cle£u*cut  about  a  chain  in  width  or 
not  over  tree  height  at  the  maximum.  Progressive 
strips  are  best.  Regenerate  by  scarification.  Openings 

should  be  less  than  300  feet  in  diameter  if  regenera- 
tion is  by  natural  seeding.  If  larger  clearcuts  are 

necessary,  leave  seed  trees  or  use  supplemental 
seeding. 
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OTHER  RESOURCES 

Wildlife  and  Water 

Northern  hardwood  types  harbor  numerous  kinds 
of  birds  and  animals,  both  game  and  nongame.  In 
northern  hardwoods  as  in  other  forest  types, 

diversity  of  species  and  size  class  leads  to  a  wide 
representation  of  animals  and  birds.  Normal  forest 
management  can  produce  sufficient  diversity  to  suit 
many  wildlife  species.  In  some  cases,  however,  a 
single  tree  species  must  be  favored  because  of  its 
special  benefit  to  wildlife. 

In  areas  of  deep  snow  and  intense  cold,  coniferous 

species  provide  essential  cover  for  white-tailed  deer. 
In  some  portions  of  the  Lake  States,  for  example, 
eastern  hemlock  provides  a  significant  amount  of 
cover  and  browse  so  that  the  regeneration  and 
maintenance  of  this  species  is  an  important  part  of 

management.  Hemlock  is  a  long-lived,  very  tolerant 
species  that  requires  mineral  soil  seedbeds  for 
regsneration.  The  same  general  procedures  used  for 

regeneration  of  yellow  birch  can  be  used  for  hem- 
lock, except  that  hemlock  should  be  seeded.  It  is 

necessary  to  seed  this  species  in  the  fall  or  stratify 
seed  artificially  for  90  days  before  spring  seeding. 
Because  of  the  long  life  of  hemlock,  long  rotations 
and  small  annual  cutting  areas  are  possible. 

Where  tolerant  northern  hardwoods  border 

conifer  swamp  deer  yarding  areas,  the  amount  of 
browse  can  be  increased  by  increasing  the  frequency 
of  cut  and  reducing  residual  stocking  levels.  Where 

even-age  management  is  used,  a  three-cut 
shelterwood  can  be  employed  to  increase  the  length 
of  time  that  browse  is  available. 

Some  rules  of  thumb  for  management  of  browse 
for  wildlife  are:  selection  cutting  produces  small 
amounts  of  browse  per  acre  (fig.  4)  and  few  plant 
species;  clearcutting  produces  a  large  Eunount  of 

browse  per  acre  over  a  short  period  of  time  and 
relatively  many  plant  species,  but  the  requirements 
for  producing  good  timber  are  frequently  not  met; 

shelterwood  produces  as  much  browse  as  clear- 
cutting  and  meets  timber  production  requirements 
but  encourages  fewer  plant  species. 

A  forest  manager  need  not  always  modify 
practices  in  northern  heirdwoods  to  increase  wildlife 

browse  or  shelter  if  other  forest  types  that  border  o:  :tu 

are  interspersed  with  the  northern  hardwoods  caiiL, 
provide  these  wildlife  requirements.  i . 

Extensive  heavy  cutting  in  the  past  has  resulte<^i 

in  large,  unbroken  areas  of  pole-size  northern  hard ( I 
woods  whose  understories  are  barren  and  pooK 
habitat  for  birds  and  animals.  Although  smalt 

openings  usually  revegetate  quickly  and  lose  valudij 
for  wildlife,  their  life  can  be  extended  to  20  or  31 

years  by:  (1)  cutting  them  in  stands  50  years  old  o 
less    where    there    is    little    or    no    advance( 

reproduction;  (2)  cutting  them  on  either  excessivel;  Ik 

well  drained  or  poorly  drained  soils,  or  on  soils  thai..  ̂  
are  shallow  or  in  frost  pockets.  Openings  should  b(Lu 
at  least  an  acre  in  size,  not  more  than  10,  antnL 

irregularly  shaped.  .  „ 

Northern  hardwoods  frequently  border  stream  n 
and  lakes  where  they  may  influence  water  quality, 

water    temperatures,    and    fish    populationm- "' 
Silvicultural  practices  to  enhance  or  preserve  these!?'' 
features  probably  do  not  vary  from  those  used  i  i 
other  forest  types. 

Figure  A.—Unmanaged  old  growth  northern  /larduw^j  t 
forest  makes  poor  habitat  for  deer.  \ 
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Recreation  and  Esthetics 

Jig  trees  near  campgrounds,  roads,  trails,  and 
oier  areas  of  greater  than  average  visibility,  are 

ojen  esthetically  pleasing  to  recreationists.  To 
nlmage  for  them,  the  normal  selection  techniques 
iijtolerant  hardwoods  may  be  modified  by  increasing 

njiximum  tree  size  and  reducing  the  q  factor  (see 
p  19,  Appendix).  The  same  objective  may  be 
otained  by  increasing  the  residual  stocking  to 
9  square  feet  of  basal  area  per  acre  and  reducing 
t3  q  factor  to  1.1.  The  first  case  (increasing 
tse  size)  may  require  frequent  removal  of  cull 
ties  and  timber  loss  through  rots,  stains,  and 

iprtality.  In  the  second  case  (increasing  density) 
te  trees  would  be  relatively  rot  free  and  would 

jovide  a  reasonable  timber  harvest.  In  both  cases 
ctting  cycles  should  be  reduced  to  5  to  8  years  from 
te  10  to  15  years  normally  used.  Both  methods  will 

joduce  large  diameter  timber  stands  relatively  free 
cl  undergrowth. 

enser  stands  are  generally  more  pleasing  to  the 

eis  than  open  ones.  For  this  reason,  under  even-age 

management,  the  rotation  should  be  lengthened  to 
increase  tree  size.  Three  or  more  cuts  may  be  used  to 
accomphsh  regeneration  by  shelterwood,  instead  of 

two. 

The  fall  colors  of  northern  hardwoods  are  desirable. 

The  most  colorful  species  is  red  maple.  This  species 
is  most  easily  regenerated  by  coppicing.  Younger 
trees  are  the  most  vigorous  sprouters;  very  old  trees 
are  not  likely  to  reproduce  well.  American  beech  has 
the  least  colorful  foliage  of  the  species  and  might  be 
discriminated  against  if  foliar  color  is  the  primary 
objective.  On  the  other  hand,  the  light  grey  trunks 
are  pleasing  to  some  people. 

White  birch  is  obviously  a  beautiful  tree  for  many 
forest  visitors.  It  can  be  most  easily  regenerated  by 

coppicing  before  age  60.  ' 

Planting  of  northern  species  in  campgrounds  and 
other  recreational  areas  should  follow  shade  tree 

practice.  Eastern  hemlock  seems  to  be  the  species 
most  sensitive  to  compaction,  fires,  and  wounding. 
Hardwoods  are  generally  less  sensitive  to  damage 
common  to  these  areas. 

DAMAGING  AGENTS 

Logging 

Logging  damage  to  the  stems  and  roots  of  residual 

ipes  increases  with  the  size  of  the  skidding  equip- 
int  and  the  length  of  the  load.  Rot  following 
mage  progresses  fastest  in  yellow  birch  and 

S)west  in  sugar  maple.  In  both  species,  rot  from 
ipunds  less  than  50  square  inches  and  less  than  10 
ars  old  will  not  cause  serious  loss.  Experience 

ows  that  logging  damage  can  be  held  to  acceptable 
1/els  by  good  supervision  ̂ d  training  of  loggers. 

Follow  these  guides  to  minimize  loss  from  damage 
roots  and  stems. 

1.  Apply  log  grading  rules  to  the  standing  damaged 
ees  and  determine  which  trees  will  decrease  in 

ade  within  10  years.  Harvest  these  trees. 

2.  In  the  first  cut  after  wounding  (usually  about 
0  yeeirs),  harvest  all  trees  with  stem  wounds  larger 
lan  50  square  inches  if  possible. 

3.  Also  in  the  first  cut  after  wounding,  harvest  if 

possible  all  yellow  birch  (but  not  sugar  maple)  with 
root  wounds  that  are  larger  than  50  square  inches, 
within  4  feet  of  the  stem,  and  in  contact  with  the 

soil. 

4.  In  subsequent  cuts  continue  to  remove  the 
wounded  trees  stiU  remaining,  concentrating  on 
those  with  the  oldest  and  largest  unhealed  wounds. 

5.  When  thinning  cuts  are  made  with  large  equip- 
ment (such  as  mechanical  fellers)  in  young  stands, 

clearcut  access  strips  wide  enough  for  equipment  to 
maneuver  without  bmnping  trees.  The  width  of 

strips  should  not  exceed  the  average  crown  diameter 
of  the  main  stand  by  more  than  2  feet  or  so. 

Markers  and  loggers  should  try  to  avoid 

damaging  the  crowns  and  stems  of  uncut  poles  and 
small  saw  logs.  Damage  to  more  than  a  quarter  of 
the  crown  may  reduce  growth,  stimulate  epicormic 

branching,  and  promote  both  rot  and  stain. 
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Although  damage  to  seedlings  and  saplings  in  all- 
age  practice  often  seems  extensive,  it  has  no  silvi- 
cultural  significance.  In  even-age  practice,  make 
preparatory  cuts  in  winter  before  final  harvest. 
Damage  to  reproduction  during  winter  logging  is 
less  than  in  summer  when  reproduction  may  be 
uprooted.  Although  slash  lopping  is  often  desirable 

to  improve  the  appearance  of  a  cut-over  stand,  it 
tends  to  inhibit  development  of  regeneration. 

Animals  and  Birds 

Damage  to  reproduction  by  white-tailed  deer  and 
snowshoe  hare  is  not  usuaUy  significant  in  managed 
stands.  The  changes  in  form  that  do  result  from 
browsing  are  corrected  in  a  short  time  in  managed 
stands.  Care  should  be  taken  to  avoid  browsing  by 
farm  animals,  however.  They  can  cause  substantial 
damage. 

Sapsucker  feeding  in  yellow  birch  crowns  reduces 
growth  and  may  cause  top  breakage  or  mortality. 
Sapsucker  feeding  on  sugar  maple  stems  results  in 
discoloration  of  the  wood  and  causes  a  quality 

degrade  if  severe.  To  avoid  having  sapsuckers  trans- 
fer feeding  to  another  —  perhaps  more  valuable  — 

tree,  leave  poor  quaUty  trees  that  they  have  been 
feeding  on.  However,  feeding  trees  that  contain 
high  quality  logs  should  be  removed  promptly  to 
prevent  degrade.  Sugar  maple  feeding  trees  can  be 
distinguished  at  a  distance  by  patches  of  black  bark 
discolored  by  the  dark  fungi  that  develop  on  the  sap 
from  sapsucker  wounds. 

Weather 

Wind  and  ice  glaze  sometimes  permanently  bend 
small  trees  in  even-aged  stands.  Pole  stands, 
especially  ones  that  have  been  heavily  released,  are 
sometimes  damaged  when  wind  and  glaze  break 
forks  from  the  trees  (fig.  5)„  In  marking  to  release, 
favor  trees  that  have  strong  forks  or  no  forks  at  all, 
especially  in  areas  prone  to  high  winds  and  frequent 
glaze  storms. 

Sunscald  is  sporadic  and  infrequent  in  northern 
hardwoods.  Young  yeUow  birch  and  sugar  maple, 
especially  in  even-age  stands,  are  most  prone  to 
damage.  Frost  cracking  can  be  a  serious  cause  of 
degrade  emd  cull  in  sugar  maple  in  areas  such  as 
northern  Minnesota.  Prolonged  drought  sometimes 
results  in  the  death  of  eastern  hemlock. 

Figure  5.— Heavily  released  forked  poles  are  liable  i  y 
break  at  the  fork  under  heavy  glaze  loads  c| 

high  winds. 

Insects  and  Diseases I 

Most  important  northern  hardwood  species  ai? 

not  significantly  affected  by  insect  attack.  OccasioK-j 
ally  an  attack  coupled  with  stress  caused  by  unusuiJ- 
climatic  conditions  can  cause  serious  losses  in  smal 
areas. 

The  maple  borer  may  cause  degrade  or  indirectly, 
cause  brcEikage;  trees  with  extensive  borer  gaUerin 
should  be  marked  for  cutting.  Various  bud  miner*; 
cause  forking  of  young  sugar  maple,  but  in  densui 
stands  the  resulting  forks  will  correct  themselvet 

The  Dutch  elm  disease  is  a  serious  cause 

mortality  among  ehn  species.  Once  estabhshed,  th  >! 
disease  moves  rapidly  along  drainage  ways  —  mori 
slowly  in  the  uplands  where  elm  occurs  as  scatterei 
individuals.  To  avoid  loss  of  volume  and  value,  dii ; 

criminate  against  elm;  remove  the  higher  valuei'i 
stems  first.  In  bottomlands  and  drainages  wher< 
ehn  is  a  major  species,  it  is  not  worthwhile  t< 
attempt  holding  a  partial  overstory  to  develop  n 
stand  of  advance  reproduction  because  the  disease 
moves  too  rapidly. 
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A  number  of  canker  diseases  affect  northern 
hardwoods.  Yellow  birch  stems  that  become  infected 

y  Nectria  canker  should  be  removed.  Diaporthe 
anker  is  a  fatal  disease  of  slowly  growing  yellow 
irch  seedlings.  Eutypella  cankers  on  sugar  maple 
eaken  the  stem  emd  reduce  merchantability.  Sugar 
aple  stems  with  large  cankers  should  be  removed. 
rees  with  small  cankers  will  survive  for  many 

iecades  and  put  on  much  usable  wood  despite  the 
\mker. 

Organisms  that  cause  rot  and  stain,  and  sapstreak, 
i  wilt  disease  of  sugar  maple,  gain  entry  through 

^.;^maged  roots,  stems,  and  branches.  Reduce  losses 
m  these  agents  by  removing  high  risk  trees, 

eeping  rotations  less  than  120  years,  and  avoiding 
ogging  damage. 

Diebacks  have  not  normally  affected  growth  or 
merchantabiUty  of  hardwoods.  A  large  number  of 
causal  agents  apparently  can  be  involved.  Climatic 
conditions,  such  as  prolonged  drought  or  severe 

growing  season  frosts,  animals,  such  as  porcupines 
or  sapsuckers,  and  occasionally  insects,  may  be 
locally  important,  however. 

Fire 

Serious  wildfires  are  rare  in  the  northern  hard- 

wood types.  Spring  ground  fires  can  kill  most 

reproduction-sized  trees  while  reproduction 
damaged  in  fall  ground  fires  resprouts  the  following 
spring.  Repeated  ground  fires  kill  larger  saplings 

and  poles  while  hot  slash  fires  kill  saw  log-sized 
trees. 

i 
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APPENDIX 

Table  1.— Desirable  stocking  per  acre  for  good 
continuous  growth 

Desirable  stand 

D.l b.h. 
after cutting 

:  Basal 
Trees :   area 

Inches Number 
Square 

feet 
2 118 

2.6 

3 53 2.6 

4 31 2.7 

Subtotal 202 8 
5 

21 2.9 

6 
15 2.9 

7 12 
3.2 

8 9 3.1 
9 8 3.5 

Subtotal 
65 

16 10 7 
3.8 11 

6 
4.0 

12 
5 3.9 

13 5 4.6 
14 5 5.3 

Subtotal 

28 

22 15 
4 4.9 

16 
A 5.6 17 
3 4.7 

18 3 5.3 19 
3 5.9 

Subtotal 17 
26 

20 2 4.4 
L 21 2 4.8 

22 2 5.3 23 
1 2.9 

24 
1 3.1 

Subtotal 8 
20 

TOTAL 320 
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Sample  Calculation  of  All-Age 
Size  Class  Distribution 

The  stand  objective  is  85  square  feet  of  basal  area  in  trees  5  inches  d.b.h.  and 
over;  the  maximum  tree  size  is  24  inches  d.b.h.;  the  data  is  needed  in  2-inch  size 
classes  and  the  ratio  between  classes  (q  factor)  is  1.3. 

Ratio  Tree  Coefficient  Number 

D.B.H.  9"  X        Basal  area        =  (k)  of  trees 

24                      —  3.14  3.14  2.5 
22  1.3  2.64  3.43  3.3 
20  1.69  2.18  3.68  4.1 
18  2.2  1.77  3.89  5.3 
16  2.85  1.40  3.99  6.9 
14  3.71  0.07  3.96  9.0 
12  4.82  0.79  3.80  11.7 
10  6.27  0.55  3.44  .15.2 
8  8.15  0.35  2.85  19.8 
6  10.6  0.20  2.12  25.7 

Sk   =        34.30 

34. 3n  =  85  square  feet 
n  =  2.5  trees  in  the  24-inch  class 

(2.5)  (1.3)  =  3.29  trees  in  the  22-inch  class 
(3.29)  (1.3)  =  4.1  trees  in  the  20-inch  class 

For  other  classes,  other  ratios  must  be  used,  i.e.,  for  5-inch  classes  1.9  is  about 
equivalent  to  1.3  for  2-inch  classes.  Coefficients  (2k)  for  different  size  class  dis- 

tribution and  maximimi  tree  size  of  24  inches  d.b.h.  are:  q  =  1.1  is  18.5;  q  =  1.2  is 
24.8;  q  =  1.3  is  34.3;  q  =  1.4  is  48.09;  q  =  1.5  is  68.2. 

These  coefficients  divided  into  any  basal  area  equal  the  number  of  trees  in  the 
24-inch  class. 
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Stocking  Levels  for 

Even-Age  Practice 

There  have  been  few  tests  of  the  effect  of  growing 

stock  levels  on  growth  in  even-age  northern  hard- 
woods in  the  Lake  States.  The  levels  illustrated 

(figs.  6,  7,  8)  were  primarily  calculated  from  average 

growing  space  requirements.  Consequently,  the 
levels  are  reasonable  for  good  growth  and  quality, 
but  may  not  be  optimal. 

Northern  Hardwood  (fig.  6) 

This  curve  was  developed  from  sugar  maple, 
white  ash,  and  yellow  birch  data  which  seem  to 
represent  average  conditions  for  hardwood  species 
other  than  basswood.  The  average  stocking  shown 
may  be  conservative  for  the  larger  size  classes  and 

exceptionally  even-sized  stands.  To  preserve 
individual  tree  quality,  reductions  in  residual  stock- 

ing cannot  fall  below  80  percent  of  the  average.  For 
the  same  reason,  stands  containing  conifers  or 
small-crowned  hardwoods  such  as  basswood  should 
have  higher  residual  stocking. 

Northern  Hardwood-Basswood  (fig.  7) 

Basswood  trees  generally  have  narrow  crowns  in 
relation  to  stem  diameter  and  stands  containing 
appreciable  amoimts  of  this  species  can  hold  high 
basal  area  stocking  compared  to  other  hardwood 
species. 

Stands  with  less  than  20  percent  basswood  shoul 
be  treated  as  other  northern  hardwood  specie 
Stands  with  20  to  49  percent  basswood  should  hav , 

higher  residual  basal  area  levels  —  the  effect  ( ' 
differing  growing  space  requirements.   Stand, 
containing  50  percent  or  more  of  basswood  can  t 

stocked  at  higher  levels,  but  residual  stocking  ove  ■ 
120  probably  will  not  add  to  net  growth  very  rapidl; 

Hemlock-Hardwoods  (fig.  8) 

The  growing  space  requirements  of  hemlock  an  1 
other  conifers  found  in  northern  hardwood  stanc  i 
are  less  than  basswood,  so  that  residual  stockin; 
can  be  high,  although  high  levels  will  probably  n( : 
permit  optimum  growth.  In  hemlock  stands  th 
economic  value  of  knot-free  lumber  is  somewhi : 
less  than  in  hardwood  stands,  so  a  greater  range  ( : 
stocking  levels  is  possible.  Residual  stocking  may  1 1 
held  high  for  short  cutting  cycles  to  prevei  t 
unwanted  hardwood  encroachment  and  to  enhan( : 
esthetics,  or  stands  may  be  cut  more  heavily  t  j 
stimulate  growth. 

Stands  of  high  value  hardwoods  containin; 
substantial  amounts  of  hemlock  should  be  mark( ; 

to  reflect  the  effect  the  hemlock  has  on  the  highil 
value  hardwoods,  i.e.,  stands  containing  more  the: 
20  percent  hemlock  or  other  conifers  should  If 
marked  in  proportion  to  the  amount  of  hemlock  c 
be  left. 

Because  of  the  great  variation  in  age,  soils,  cu  I 
and  composition  of  hemlock  stands,  foreste'f 
should  make  use  of  local  observations,  if  possible,'  r 
prescribing  treatments. 
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Figure  6.— Stocking  levels  for  northern  hardwood  stands  containing  less  than  20 
percent  conifers  or  basswood  by  basal  area,  and  number  of  trees  per  acre  for 
specified  diameter  classes. 
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Figure  7 .—Stocking  levels  for  even-age  northern  hardwood  basswood  stands  in 
the  Lake  States  by  basal  area  and  number  of  trees  per  acre  for  specified 
diameter  classes  and  certain  percentages  of  basswood  and  other  northern 
hardwoods. 
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Table  2.— Defects  and  cull  percents  caused  by  them 

Defect 
:  Position  within 
:   merchantable 

:  length  of  tree 

Condition  : 

or     : 

degree    : 
Class 

Cull 

percent' 

:l-log 

:  tree 

2-log  : 

tree   : tree   : 

3-log 

tree 

:  4-log 

:  tree 

Broken  or  dead  limb 

:  (At  least  6  Inches  In  diameter) 
. (Less  than  6  Inches  In  diameter) 

Anywhere 
Anywhere 

Large 

Small 
3 
1 

20 

5 
17 
4 

14 
4 

13 
3 

11 
3 

Broken  or  dead  top  (Broken  or  rotten 

close  enough  to  top  limit  of  mer- 
chantability to  Indicate  loss  In  scale.)   — - 3 

20 17 

14 13 11 
Butt  rot  (At  least  1/3  of  log  lost. 
If  not  visible,  detectable  by  blow.) 

First  log Advanced 5 

39 35 

28 

25 

22 
Canker 

First  log 

Above  first  log 

Advanced 
Advanced 

6 
4 

56 
26 

50 
24 

41 
20 

36 
17 

32 

15 

Hidden  rot  (Cannot  be  detected  In 
standing  tree. ) Anywhere 

_.. 
2 9 8 6 6 5 

Conk First  log 

Above  first  log 

Anywhere 

Active 
Active 

Sterile 

5 
4 
1 

39 
26 

5 

35 
24 
4 

28 

20 
4 

25 

17 
3 

22 

15 

3 
Crack 

j  (Open.  At  least  1/3  of  log  lost.) 
(Open.  At  least  1/3  of  log  lost.) 
(Open.   Less  than  1/3  of  log  lost.) 

First  log 

Above  first  log 

Anywhere 

Large 

Large 

Small 

5 
3 
2 

39 
20 
9 

35 
17 
8 

28 
14 
6 

25 
13 

6 

22 
11 
5 

Crook  or  sweep 
(More  than  2/3  volume  lost.)             First  log 
(1/3  to  and  Including  2/3  volume  lost.)   First  log 
(Less  than  1/3  volume  lost.)             First  log 
(More  than  2/3  volume  lost.)           Intermediate 

log 

(To  and  Including  2/3  volume  lost.)     Intermediate 

log 

1  (More  than  2/3  volume  lost.)              Top  log 
(To  and  Including  2/3  volume  lost.)        Top  log 

Excessive 
Moderate 
Slight 

Excessive 

Slight  to 
moderate 

Excessive 

Slight  to 
moderate 

5 
4 
2 
4 

2 

3 
2 

39 
26 

9 
26 

9 

20 
9 

35 

24 
8 

24 

8 

17 
8 

28 

20 

6 

20 

6 

14 
6 

25 

17 
6 

17 

6 
13 

6 

22 

15 

5 
15 

5 

11 
5 

Hole 

,  (Cavity.  At  least  1/3  of  log  lost.) 
(Cavity.  At  least  1/3  of  log  lost.) 
(Cavity.  Less  than  1/3  of  log  lost.) 

First  log 

Above  first  log 

Anywhere 

Large 
Large 

Small 

5 
4 
2 

39 
26 

9 

35 

24 
8 

28 

20 
6 

28 
17 
6 

22 
15 
5 

Ingrown  bark 
(Bark  folded  Into  right  cylinder.) First  log 1 5 4 4 3 

3 
 ' 

Rotten- burl 
(At  least  1/4  of  log  affected.) 
(Less  than  1/4  of  log  affected.) 

Anywhere 
Anywhere 

Large 

Small 
4 
1 

26 

5 
24 
4 

20 
4 

17 
3 

15 

3 

Scar 

(At  least  1/4  of  log  affected.) 
(Less  than  1/4  of  log  affected.) 

Anywhere 
Anywhere 

Large 

Small 
4 
2 

26 
9 

24 
8 

20 

6 
17 
6 

15 

5 

Seam  (Open  or  tight.) 

(Tight.  At  least  6  feet  long.) 

(Tight.  Less  than  6  feet  long.) 

Anywhere 
Anywhere 

Anywhere 

Spiral 

Large, 

straight Small, 

straight 

6 
3 

2 

56 

20 

9 

50 

17 

8 

41 

14 

6 

36 

13 

6 

32 

11 

5 

'class  averages. 
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How  to  Mark  Individual 
Northern  Hardwood  Trees 

After  decisions  are  made  concerning  residual  stock- 

ing and  structure  (table  1),  the  next  step  focuses  at- 
tention on  individual  trees.  Much  of  the  decision  to  cut 

or  leave  is  based  on  the  potential  of  a  tree  to  supply 

high  quality  saw  logs  or  veneer.  Part  depends  on  the 
rate  at  which  the  tree  grows  and  part  depends  on  its 
influence  on  surrounding  trees. 

The  following  factors  should  be  weighed  in 
deciding  which  trees  to  cut  or  leave.  To  upgrade 
stand  quality,  minimize  loss  from  cull  and  mortality, 
and  enhance  the  potential  for  the  future  production, 
consider  these  items  in  the  order  given: 

1.  Risk:  remove  any  tree  that,  in  your  judgment, 
will  not  live  and  grow  until  the  next  cut. 

2.  CuU:  remove  cull  and  highly  defective  trees  that 
will  not  increase  in  value  during  the  cutting  cycle. 
(See  Appendix,  table  2,  for  a  detailed  siunmary.) 

3.  Form,  crown,  and  branching  habits:  remove 
crooked  or  leaning  trees,  those  with  an  acute 
angle  between  limbs  and  bole,  and  those  with 
short  clear  length  or  large  limb  diameter. 

4.  Species:  low-quality  timber  has  about  the  same 
value  regardless  of  species,  and  high-quality  logs 
of  any  of  the  major  species  are  usually  salable. 
Nevertheless,  determine  local  preferences  for 
species. 

5.  Crown  position:  in  addition  to  the  above  items 
consider  the  position  of  a  tree  in  relation  to  the 
other  trees  to  be  left  in  a  stand.  Mark  for  removal 

trees  that  are  interfering  with  the  full  develop- 
ment of  other  trees  of  higher  potential  quality, 

thus  providing  the  better  trees  freedom  for 
crown  development  in  all  directions. 

6.  Size:  finally,  consider  tree  diameter.  Generally, 
most  tree  species  within  the  northern  hardwood 
type  become  economically  mature  when  they 
reach  20  to  24  inches  d.b.h.  Trees  that  have 

reached,  or  grown  beyond,  economic  maturity  do 
not  pay  their  way  in  comparison  to  smaUer  trees. 

More  detailed  information  is  provided  in  the  fol- 
lowing sections  to  aid  in  the  decision  of  what 

constitutes  serious  cull,  trees  of  good  quality 
potential,  and  how  to  judge  the  importance  of 
crown  position. 

This  information  is  based  both  on  formal  study 
and  long-term  observation  and  should  be  used  as 
a  flexible  guide  to  be  modified  according  to  local 
conditions. 

How  to  Decide 
What  Trees  to  Leave 

Especially  in  all-age  forestry,  trees  are  of  mixeieDtin 
sizes  and  of  varying  degrees  of  importance  to  thihieii 
surrounding  stand.  Decisions  regarding  the  trees  titlitiu 
leave  should  be  guided  by  the  following  tree  classififp 
cation  and  modified  by  the  crown  classificationlese 
after  that.  ^|i 

Tree  Categories 

pi 

Tree  class  1:  good  growing  sfoc^.— The  tree  musuiiti 
be  straight,  dominant  or  codominant,  free  fronit|iini 
crook  or  lean,  and  with  less  than  10  percent  cuLiilte 
(class  1  or  better).  An  average  of  at  least  50  percemnjuri 
of  the  total  height  of  the  tree  must  be  clear  lengthtiiili 
(Consider  each  tree  to  have  four  faces  on  its  maiii 

stem.  Each  face  will  include  one-quarter  of  thei  (1 
circumference  of  the  tree.  The  average  of  the  cleainitii 
length  on  these  four  faces  will  be  the  average  cleainiH 

length  of  the  tree.)  In  trees  9  inches  or  less  ii!i||p 
diameter  at  breast  height,  limbs  and  knots  under  1 
inch  in  diameter  may  bo  permitted  in  clear  length, 
The  crown  should  be  full  and  the  vigor  good.  ! 

Tree  class  2:  satisfactory  growing  stock.— Treei 
of  intermediate  crown  class  or  better  are 

permitted  in  this  class.  The  trees  may  have  no 
defect  or  crook  or  internal  decay  involving  over  20 
percent  cull  (class  2).  Trees  must  not  have  acute 
forks  or  multiple  crowns;  however,  U-shaped  forks 
are  permitted  above  35  feet.  An  average  of  at  least 
one-third  of  the  total  height  must  be  in  clear  length. 
In  trees  9  inches  or  less  in  diameter  at  breast  height, 
hmbs  and  knots  under  1  inch  diameter  are  permitted 
in  clear  length. 

Tree  class  3:  poor  growing  stock.— Trees  that 
otherwise  meet  the  specifications  for  tree  class  2 
but  are  competing  with  class  1  trees  for  growing . 
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}ice  and  trees  merchantable  for  saw  logs  or  poten- 
aily  merchantable  that  do  not  meet  the  specif ica- 
ins  for  the  first  two  classes  are  included  in  this 
ss. 

:  Tree  class  4:  nongrowing  stock.— CvX\  trees  and 
aes  with  no  potential  merchantability  other  than 
fi  chemical  wood  or  pulpwood  are  included  in  this 
3lss. 

Cown  Categories 

hminant  crown  class.— These  trees  are  the  largest; 

tifir  crowns  and  merchantable  height  are  set  and 
■i::^tural  practices  no  longer  will  have  a  measurable 
select  on  tree  characteristics.  The  major  value  of 
tlfese  trees  is  their  approach  to  final  yield  and 
iiiluence  on  the  surrounding  stand.  Silviculturally, 

tlpse  trees  are  mature  and  should  be  removed  when 
tiley  no  longer  have  a  beneficial  effect  on  the  sur- 
n^nding  trees,  i.e.,  when  their  influence  on  clear 
l«igth  of  neighboring  trees  is  minimal  or  when  they 

lat  noticeably  suppressing  understory  and  neigh- 
ibring  codominants.  Trees  in  the  dominant  size 
Eoiss,  even  though  they  may  rate  as  cull  class  2  or 

^vjrse,  may  be  left  if  they  have  a  beneficial  effect  on 

:e'her  regeneration  or  neighboring  trees. 

podominant.—\n  saw  log  stands  these  will  often  be 
isiall  saw  logs  (14  to  19  inches  d.b.h.).  Select  trees 
;t!  leave  on  the  basis  of:  (1)  potential  for  increasing 
gade  and  merchantable  height;  (2)  least  cull  (cull 
ciss  2  or  better);  and  (3)  beneficial  influence  on 

the  intermediates  and  other  codominants.  These 

trees  should  provide  side  shade  for  well  formed 
intermediate. 

Weak  codominants.— In  saw  log  stands  the  weak 
codominants  are  the  10-  to  14-inch  class.  These 
crown  classes  continue  to  have  an  important  effect 
on  lesser  classes  but  the  most  important  job  is  to 
select  those  which  will  make  the  most  rapid 
increase  in  value.  The  least  desirable  trees  in  this 

class  have  permanent  merchantable  height  stoppers 

such  as  low  forks  with  large  diameter  fork  mem- 
bers, other  serious  cull  and  low  grade  improvement 

potential.  Correctable  forks  have  a  partly  or  wholly 

suppressed  fork  member  less  than  one-third  of  the 
tree  diameter  at  the  point  of  the  fork.  The  best 
trees  should  be  potential  grade  2  or  better,  have 
crowns  of  at  least  medium,  density  and  crown 
widths  average  for  the  d.b.h.  class. 

In  the  pole  class  (5  to  9  inches),  a  combination  of 

side  shade  and  within-crown  competition,  controls 
lower  branch  mortality  and  subsequent  merchantable 
length.  Trees  left  in  this  class  should  have  good 
form,  be  free  of  serious  defect  and  have  a  good 

crown  of  average  width  and  medium  or  better 
density.  Too  heavy  a  release  of  trees  in  this  class 
with  crowns  of  less  than  average  width  and  density 
will  result  in  losses  of  merchantability  and  quality. 

Especially  in  previously  unmanaged  stands,  many 
poles  will  have  good  stem  form  and  clean  boles 
coupled  with  small  crowns.  The  object  of  release 
should  be  to  develop  denser  crowns  without  reducing 
clear  length. 
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Table  3.— Crown  area  by  diameter  classes  and  theoretical  stocking  for  shelterwood  cover  (Godman 
and  Tubbs  1973) 

D.b.h. 

60  Percent  crown  cover 
Northern  hardwoods 

Trees 
Basal 
area 

Spacing 

Inche 

10 
11 

12 

Crown 

area 

per 

tree 

Basswood 

Trees 
Basal 

area 

t 
Crown  : 

Hemlock-conifers 

HI 

Spacing Trees    '   ̂«"al    '  Spacing 

Ifumbere  Square 

feet 94 
80 
70 

51 
53 
55 

Feet 

22 23 

25 

Square     Nwribere  Square 
feet  feet 

tree 
Feet        Square     tfumbere  Square         Feet 

feet  feet 

Crown 

area 

per 

tree 

279 

325 
373 

171 

14A 
126 

93 95 

99 

16 
17 
19 

153 
181 

207 

224 
203 

170 

133 

133 

133 

13 

15 

16 

Square 

feet 

107 
129 
154 

,icn 

<ita 

ikii 

iW 

pii 

iin 

'il* 

litl 

Jkji 

fid 

■cl 

11, 

-lili 

13 

14 
15 

62 

54 49 57 
58 60 

26 
28 
30 

422 
480 

536 

108 
95 
84 

100 

102 103 

20 
21 
23 

241 
274 

312 

144 125 

108 

133 
133 
133 

17 
19 

20 
181 209 

241 
16 

17 
18 

44 
40 

36 

61 62 
63 

32 
33 
35 

598 
662 728 

75 

67 
61 

105 
106 

108 

24 
25 
27 

349 

388 427 
95 
85 
76 

133 

133 
133 

21 

23 

24 

274 

309 
346 

19 
20 
21 

32 
20 
27 

64 65 

66 
37 
38 40 

803 
881 

952 

56 
50 46 

110 
110 111 

28 
29 

31 

470 
518 

567 
68 
61 

56 

133 
133 
133 

25 

27 
28 

386 
427 
471 

22 
23 
24 

25 
23 

22 

67 
67 
68 

42 43 

45 

1,035 
1,120 
1.207 

43 

39 
37 

112 
113 115 

32 
33 
35 614 

665 
712 

50 
46 
43 133 

133 
133 

29 

31 

32 

518 563 

612 

Jta 

m nil 
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40 
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Figure  'd.—Site  index  graph  for  paper  birch  in 
northern  Wisconsin. 
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Metric  Conversion  Factors 

.  convert to thiltiply  by 

.  res Hectares 
0.405 

ard  feet' Cubic  meters 0.005 

:ard  feet/acre' Cubic  meters/hectare 0.012 
lalns Meters 20.117 

irds' 
Cubic  meters 2.605 

Irds/acre' Cubic  mc-ters/hectrarc 6.437 

Ibic  feet Cubic  meters 0.028 

Iblc  feot/acre Cubic  ncterr./hectare 0.070 

Igrecs  Fahrenheit Degrees  Celsius 
2 

!et Keters 0.305 

(lions Liters 3.785 

(lions/acre Liters/hectare 9.353 

[ches Centimeters 2.540 

lies Kilometers 1.609 

lies/hour Meters/second 0.447 

Imber/acre Number/hectare 
2.471 

nces Grams 28.350 

(nces/acre Grams/hectare 70.053 
unds 

Kilogran-.s 
0.454 

lunds/acre Kilograms /hectare 
1.121 

unds/gallon Kilograms/liter 
0.120 

uare  feet Square  meters 
0.093 

uare  feet/acre Square  meters/hectare 0.230 
ns Metric  tons 0.907 

Ins/acre Ketric  tons/hectare 
2.242 

The  conversion  of  board  feet  and  cords  to  cubic 

Iters  can  only  be  appro::imate;  the  factors  arc  based 

an  assumed  5.663  board  feet  (log  scale)  per  cubic 
:|ot  and  a  cord  with  92  cubic  feet  of  solid  material. 

^To  convert  "F  to  °C,  use  the  formula  5/9  (°F-32) °F-32. 

1.8 

Common  and  Scientific  Names 
of  Plants  and  Animals 

Plants 

Ash,  black   Fraxinue  nigra 
Aspen   Populus   spp. 
Balsam   Abies   spp, 
Basswood   Tilia   spp. 
Beech   Fagus   spp. 
Birch,  paper   Betula  papyrifera 

yellow   Betula  alleghaniensis 
Elm   Ulmus   spp. 
Hemlock   Tsuga   spp. 
Maple,  red   Acer  rubr^an 

sugar   Acer  saaoharum 
Oak,  northern  red   QuercuB  rubra 
Spruce   Piaea   spp. 
White-cedar,  northern  .  .  .Thuja  or.aidentalia 

Animals 

Deer,  white-tailed   Dama  virginiana 
Hare,  snowshoe   LepuB  americanue 
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PESTICIDE  PRECAUTIONARY  STATEMENT 

Pesticides  used  improperly  can  be  injurious  to  man.  animals,  and  plants.  Follow  the 
directions  and  heed  all  precautions  on  the  labels. 

Store  pesticides  in  original  containers  under  lock  and  key  -  out  of  the  reach  of  children 
and  animals  -  and  away  from  food  and  feed. 

Apply  pesticides  so  that  they  do  not  endanger  humans,  livestock,  crops,  beneficial 
insects,  fish,  and  wildlife.  Do  not  apply  pesticides  when  there  is  danger  of  drift,  when 
honey  bees  or  other  pollinating  insects  are  visiting  plants,  or  in  ways  that  may 
contaminate  water  or  leave  illegal  residues. 

Avoid  prolonged  inhalation  of  pesticide  sprays  or  dusts;  wear  protective  clothing  and 
equipment  if  specified  on  the  container. 

If  your  hands  become  contaminated  with  a  pesticide,  do  not  eat  or  drink  until  you  have 
washed.  In  case  a  pesticide  is  swallowed  or  gets  in  the  eyes,  follow  the  first-aid  treatment 
given  on  the  label,  and  get  prompt  medical  attention.  If  a  pesticide  is  spilled  on  your  skin 
or  clothing,  remove  clothing  immediately  and  wash  skin  thoroughly. 

Do  not  clean  spray  equipment  or  dump  excess  spray  material  near  ponds,  streams,  or 
wells.  Because  it  is  difficult  to  remove  all  traces  of  herbicides  from  equipment,  do  not  use 
the  same  equipment  for  insecticides  or  fungicides  that  you  use  for  herbicides. 

Dispose  of  empty  pesticide  containers  promptly.  Have  them  buried  at  a  sanitary 
land-fill  dump,  or  crush  and  bury  them  in  a  level,  isolated  place. 

Note:  Some  States  have  restrictions  on  the  use  of  certain  pesticides.  Check  your  State  and 
local  regulations.  Also,  because  registrations  of  pesticides  are  under  constant  review  by 
the  Federal  Environmental  Protection  Agency,  consult  your  county  agricultural  agent  or 
State  extension  specialist  to  be  sure  the  intended  use  is  still  registered. 
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loductivity  of  ecosystems  depends  to  a  large 
dot  on  the  quantity  of  available  nutrients.  In 
Hiral  ecosystems,  much  of  the  nutrient  stock  is 
available  because  it  is  bound  in  Uve  and  dead 

rjnic  matter.  Additions  to  the  pool  of  available 
ajients  come  from  several  sources,  but  the  largest 
most  important  one  is  dead  organic  matter. 
efore,  the  productivity  of  ecosystems  is  often 
to  be  related  to  the  rate  of  nutrient  release 

cd,  or  the  mineralization  of,  organic  litter 

rljlarov  1971,  SatcheU  1974). 
1 

ill  abundant  and  diverse  complex  of  soil  fauna 
di  microflora  Uve  on  the  dead  organic  matter  in 
Jitestrial  ecosystems.  These  fauna  and  flora 

it|"act  in  manifold  ways  to  faciUtate  and  enhance 
wf-ate  of  mineralization  of  organic  debris  and  the 
B'tlopment  of  soil  structure.  The  consensus  is  that 
)ifauna,  by  themselves,  cannot  mineralize  Utter 
B<[use  most  animals  lack  the  enzymes  systems 
e<|ssary  to  break  down  the  majority  of  compoimds 
litter.  Mineralization,  then,  is  accomplished 
riiarily  by  the  soil  microflora  interacting  with 
)i animals.  Other  contributions  by  soil  fauna  have 
eiji  reviewed  by  Crossley  (1977)  and  Satchell 

i»il  fauna  are  often  classified  according  to  their 
air  sizes:  microfauna  (size<0.2  mm),  mesofauna 
).  mm  <size<10  mm),  and  macrofauna  (size>10 
Uj)  (WaUwork  1970).  The  microfaima  are  mainly 
rtozoans;  whereas  the  mesofauna  include  a 

tremendous  variety  of  animals:  nematodes,  a 

plethora  of  arthropods,  pmall  moUuscs,  and  En- 
chytraeidae  worms.  The  macrofauna  contain  the 

larger  elements  of  the  arthropods,  moUuscs,  en- 
chytraeids,  lumbricid  worms,  and  the  soil  dwelling 
vertebrates. 

The  abundance  and  composition  of  soil  Utter 
faima  vary  in  relation  to  many  factors;  some  of 
which  are  the  physical  environment,  the  parent 
mineral  substrates,  the  vegetation,  and  other 
organisms.  For  example,  SatcheU  (1974)  cited  a 
report  which  speculated  that  faunal  biomass  is 

temperature-limited  in  boreal  and  higher  latitudes, 
moisture-Umited  in  arid  zones,  and  food-limited  in 
tropical  zones  because  of  competition  from  microbes. 
In  other  zones,  it  may  be  limited  by  combinations  of 

temperature,  base-poor  soils,  oxygen  tension, 
acidity,  and  food  supply. 

Patterns  of  species  compositions  for  a  wide  variety 
of  ecosystems  are  now  recognizable.  For  example,  in 
acidic  soU-Utter  substrates  (mor  soils)  where  the 

dominant  vegetation  is  often  coniferous  or  erica- 
ceous,  the  most  abundant  soU  animals  are  mites, 
CoUembola,  enchytraeid  worms,  and  such  insects  as 
beetles.  At  the  other  end  of  the  spectrum  where  the 
soil-Utter  substrate  is  neutral  to  sUghtly  alkaline 
(mull  soils)  and  the  dominant  vegetation  is  deciduous 
angiosperms,  the  most  significant  soU  animals  are 
lumbricid  worms,  myriopods,  isopods,  large  groups 
of  beetles  and  flies,  and  lastiy  mites  and  CoUembola 



(Wallwork  1970).  In  soil-litter  subetrates  that  are 
intermediate  between  the  classic  mor  and  mull 

types,  the  soil  oniTnalH  have  intermediate  compo- 
sitions. 

Trembling  aspen,  Populus  tremuloides,  is  a  pre- 
dominant tree  in  the  vegetation  of  the  Great  Lakes 

Region  —  usually  forming  nearly  pure  stands  or 
occurring  as  occasional,  residual  individuals  in 
forests  dominated  by  other  species.  About  one-third 
of  the  commercial  forests  in  the  Lake  States  are 
dominated  by  aspen  trees.  Aspen  occurs  on  a  wide 
variety  of  soil  types,  from  sandy  outwash  plains  to 
moist  loams  (Graham  et  al.  1963).  The  best  aspen 

forests  seem  to  occiu*  where  the  soil  texture  is  fine 
(high  silts  and  clay  contents)  and  the  water  tables 
are  within  a  few  feet  of  the  surface  (Fralish  1972). 
The  understory  vegetation  usually  consists  of  a  rich 
variety  of  deciduous  shrubs  and  herbs,  as  well  as 
seedlings  and  saplings  of  various  deciduous  and 
coniferous  tree  species  (Ohmann  and  Ream  1971). 

Aspen  leaf  litter  and  that  of  its  associated  shrubs 

and  herbs  tend  to  have  a  medium-high  calcium 
content  compared  with  coniferous  litter  (Henry 
1973).  This  should  promote  the  development  of 
neutral  soils,  and  more  mull-like  rather  than  mor- 
like  populations  of  soil  invertebrates  and  micro- 

organisms. The  rate  of  decomposition  of  aspen 
foliage  is  somewhat  intermediate  between  fast 
species  such  as  alders,  elms,  and  ashes,  and  slow 
species  such  as  beech,  most  oaks,  and  conifers 
(Wallwork  1970,  Cummins  1974). 

Some  of  the  factors  which  influence  the  rate  at 
which  leaves  naturally  decompose  are  its  C/N  ratio, 
polyphenolic  content,  calcium  concentration,  and 
the  ambient  temperature  and  moisture  conditions. 
For  example,  high  C/N  ratios  and  polyphenolic 
contents,  and  low  temperatures  and  moisture 
conditions  all  retard  decomposition  rates. 

Although  aspen  ecosystems  are  prominent  in  the 
Great  Lakes  Region  and  parts  of  Canada  and 
Alaska,  knowledge  about  organisms  and  processes 
operating  in  the  soil-litter  milieu  of  such  ecosystems 
is  just  beginning  to  accumulate  (Carter  and  Cragg 
1976,  Mitchell  and  Parkinson  1976,  Visser  and 
Parkinson  1975).  The  purpose  of  the  present  ex- 

ploratory study  was  to  (1)  identify  the  major  soil- 
litter  invertebrates  found  in  two  aspen  forests  in 
northern  Minnesota,  and  (2)  to  measure  their  popu- 

lation densities  whenever  possible,  thereby  provi< 
baseline  knowledge  for  future  investigations. 

MATERIALS  AND  METHODJi 

We  intensively  sampled  two  aspen  stands  (h 
after  referred  to  as  Black  River  and  Pine  Stvunjij 
Koochiching  County,  Minnesota,  during 
svunmer  of  1972.  Both  plots  had  been  previoj 
selected  for  studies  of  forest  tent  caterpUlar-ass 
ecosystem  interactions.  Plot  size  was  arbitrarilj 
at  10  hectares  and  each  was  subdivided  into  4  q 
rats  of  equal  size.  All  samples  were  taken  from 
randomly  located  subplots  (20  by  20  m)  within  ( 

quadrat 
Vegetation  in  the  plots  was  analyzed,  soils  \^ 

classified',  and  we  measured:  (1)  soil  horizon  def\ 
on  nearly  180  soil  cores  from  each  plot  and  (2)  I 
pH  from  the  mid-point  of  the  soil  horizons  (02, , 
and  B)  of  the  soil  cores  using  a  Hellige-Truog? 
reaction  test  kit 

t 

To  recover  soil  invertebrates  from  the  soil-ll 
milieu,  we  employed  three  standard  techniquesi 
dry  funnel  extraction,  (2)  hand  sorting  of  si(i( 
soil,  and  (3)  pitfall  traps.  The  first  techniquu 
usually  employed  for  recovering  small  mesofii 
whereas  the  second  and  third  techniques 
employed  for  recovering  large  mesofauna 
macrofauna.  General  reviews  of  these  methods  s 
be  found  in  Macfadyen  (1962)  and  Edwards 
Fletcher  (1971). 

Dry  Funnel  Method 

Description  of  apparatus 

Two  fiumel  extracting  units  of  the  Tullgren  ; 
were  designed  to  accommodate  30  soil  core  sani] 
each.  Black  plastic  drain  pipe  sections  (3.80  c 
diameter  by  17.85  cm  long)  were  used  to  hole 

soil  core  samples.  Sixteen  mesh/in*  hardware  < 
was  glued  to  one  end  of  each  pipe  section  to  hol( 

it 

It 

il 
ii 

^Paul  Nyherg,  USDA  Soil  Conservation  Ser 
Grand  Rapids,  Minnesota. 



tt 

^viijl  core  in  place.  The  circumference  of  the  mesh 
een  was  larger  than  the  tube  to  which  it  was 
ached  and  slightly  smaller  than  the  maximum 
meter  of  the  funnel  on  which  it  rested.  The 

een  kept  the  holding  tube  away  from  the  funnel 
1  allowed  for  the  dissipation  of  free,  moist  air  as 
h  core  sample  dried.  This  prevented  moisture 
m  building  up  on  the  inside  wall  of  the  funnel 

("1  ultimately  increased  the  yields  of  the  unit. 
^[jtached  to  the  bottom  of  each  funnel  was  a  22  ml 

1  which  contained  95  percent  ethyl  alcohol  as  a 
ing  and  preserving  agent. 

■ilj  \  heat  euid  light  source  above  the  soil  cores  was 
qDphed  by  9-watt,  120-volt,  outdoor  Christmas 
e  incandescent  light  bulbs.  Individual  bulbs  were 
centrally  into  the  closed  end  of  beverage  cans, 
e  cans  were  positioned  over  the  top  of  the  plastic 
iding  tubes  so  that  each  bulb  was  approximately 
)  cm  from  the  top  of  a  soil  core  sample. 

k  tnperatures  were  maintained  at  ca.  40  C  at  the 

)  of  the  soil  during  the  120-hour  extracting  period. 

)j  "he  soil  core  sampler  was  designed  to  extract  a 
1  core  3.15  cm  in  diameter  by  47.3  cm  long.  One 
;e  of  the  chrome  plated  tubing  of  the  sampler  was 

U  en,  giving  an  undisturbed  picture  of  the  soil 

lei  jfile.  This  open  face  provided  the  means  for  re- 
ji  )ving  the  soil  core  intact  from  the  sampler. 

mpling  methods 

ive  randomly  picked  20-  by  20-m  subplots  in 
bh  quadrat  supplied  all  soil  core  samples.  These 

bplots  were  further  divided  into  100  2-  by  2-m^ 
>subplots.  Three  such  plots  were  chosen  randomly, 

^thout  replacement,  from  within  each  subplot. 

ae  soil  core  sample  was  taken  from  each  sub- 
sbplot  during  each  of  three  sampling  periods.  This 
yilded  60  core  samples  for  each  stand  on  each 
smpling  date.  The  sampling  dates  for  the  Pine 

'ump  stand  were  June  12,  July  11,  and  August  6. 
lie  samphng  dates  for  the  Black  River  stand  were 
<.ne  19,  July  17,  and  August  12.  Core  samples 

V're  immediately  placed  intact  into  the  plastic 
;tbes  with  the  litter  end  resting  on  the  screen.  The 

jcjen  end  of  the  tube  was  sealed  with  a  cork  and  the 
ireen  end  was  covered  with  tin  foil. 

'  Hand-Sorting  Method 

From  each  of  the  20  subplots,  we  collected  1 

square  block  of  soil  (30.4  by  30.4  by  15.3  cm)  in  mid- 
June,  July,  and  August,  to  recover  the  larger  meso- 
fauna  and  macrofauna.  The  sample  points  within 
subplots  were  picked  randomly  as  were  the  soil  core 
samples.  The  soil  blocks  were  passed  through  three 
sieves  having  mesh  sizes  of  4,  16,  and  64  per  square 
inch.  All  fauna  were  preserved  in  95  percent  ethanol. 

Pitfall  Method 

Ten  pitfall  traps  were  placed  near  the  center  of 
each  study  stand  in  a  Unear  series  20  m  apart.  Each 
trap  (a  can,  10.2  cm  wide  and  12.0  cm  deep,  a  screen 
retrieving  plunger,  and  a  rainshield  hood)  was 

buried  in  the  ground,  £uid  partially  filled  with  anti- 
freeze. Traps  were  emptied  every  13  days.  Collection 

dates  were  July  16,  29,  and  August  11  at  Pine 

Stump;  and  July  17,  30,  and  August  12  at  Black 
River. 

STUDY  PLOT  DESCRIPTIONS 

Both  study  plots  were  dominated  by  trembling 
aspen,  P.  tremuloides,  trees  that  were  between  35  to 
40  years  old.  Total  tree  basal  area/acre  was  about  97 

feet'  (22.3  m'/ha)  at  Pine  Stump  and  116  feet' 
(26.7  m'/ha)  at  Black  River.  Other  less  abundant 
tree  associates  were  balsam  poplar  P.  balsamifera, 

paper  birch,  Be  tula  papyifera,  black  ash,  Fraxinus 
nigra,  and  balsam  fir,  Abies  balsamea  (table  2, 

Appendix). 

Common  shrubs  in  both  plots  were  beaked  hazel, 

Corylus  cornuta,  red-osier  dogwood,  Cornus  sto- 
lonifera,  chokecherry,  Prunus  virginiana,  and  arrow- 
wood.  Viburnum  rafinesquianum.  However,  Black 
River  shrubs  were  predominantly  hazel,  dogwood, 

alder-leafed  buckthorn,  Rhamnus  alnifolia,  and  tag 

alder,  Alnus  rugosa.  Pine  Stump  shrubs  were  pre- 
dominantly hazel,  arrowwood,  and  chokecherry. 

Shrub  densities  averaged  about  10,000/acre 
(24,000/ha)  at  Black  River  and  about  6,600/acre 
(16,302/ha)  at  Pine  Stump. 

Herbaceous  vegetation  was  grossly  similar  in  both 

study  plots.  Species  having  frequencies  of  occurrence 
(FO)  of  >50  percent  at  both  areas  were  the  following: 
dwarf  raspberry,  Rubus  pubescens,  false  Uly  of  the 
valley,  Mianthemum  canadense,  bunchberry, 
Cornus  canadensis,  and  wild  sarsaparilla,  Aralia 



nudicaulis.  Pine  Stump,  in  addition,  had  an 
abundance  (FO  =  92  percent)  of  large  leaf  aster, 
Aster  macrophyllus,  which  was  uncommon  at  Black 
River  (FO  <10  percent).  Herbaceous  standing  crops 

averaged  35  g/m*  dry  weight  and  75  g/m*  dry  wei^t 
in  midsummer  at  Black  River  and  Pine  Stump, 
respectively. 

Surface  soils  (A,B  horizons)  in  both  plots  were 
clay  loams,  silt  loams,  silty-clay  loams,  and  Hne 
sandy  loams.  The  substratimi  or  C  horizons  were 
usually  clay,  clay  loams,  silty  and  clayey  loams  or 
loam  glacial  tills.  Drainage  was  moderate  to  poor  in 
most  of  the  soils  examined  because  of  the  heavy  sub- 

soils and  substrata. 

The  undecomposed  Utter  layer  (01)  was  about  1.4 
cm  deep  at  Black  River  and  3.4  cm  at  Pine  Stump 
(table  1,  Appendix).  The  partially  decomposed  litter 
layer  (02)  and  the  mineral  surface  soils  (A)  were 
between  6  to  8  cm  and  11  to  14  cm  deep,  respectively, 
at  both  areas.  Although  the  01  layer  was  deeper  at 
Pine  Stump,  the  02  and  A  horizons  were 
consistently  wider  at  Black  River  (8.5  vs.  6.4  and 
14.3  vs.  10.9  cm). 

All  soil  horizons  tended  to  be  slightly  acidic  (5.7 
to  6.6)  except  at  Black  River  where  the  B  horizon 
was  neutral  (7.25).  Generally  pH  values  increased 
from  the  surface  to  the  lower  soil  horizons.  Further- 

more, the  Black  River  soils  had  significantly  higher 
pH  values  than  the  Pine  Stump  soils. 

RESULTS  AND  DISCUSSION 

All  of  our  samples  (core,  block,  and  pitfall)  yielded 
4  phyla,  7  classes,  23  orders,  and  134  families  of 
invertebrates  (see  List  of  Invertebrates,  Appendix). 
Listed  in  order  of  decreasing  taxonomic  diversity, 
the  four  phyla  were:  Arthropoda,  Mollusca,  Annelida, 
and  Nematoda.  Arthropoda  contained  5  of  the  7 
classes,  19  of  the  23  orders,  and  125  of  the  134 
families.  Insecta  was  the  single  largest  class  con- 

taining 11  orders  and  84  families.  This  is  a  minimal 
estimate  of  the  taxonomic  variety  of  soil  faima 
because  we  could  not  identify  all  of  the  organisms. 
For  example,  only  a  3  percent  subsample  of  the  total 
mite  coUection  was  identified  by  specialists  and 
none  of  the  spiders  nor  Nematodes  have  yet  been 
identified.  In  fact,  none  of  our  sampling  methods 

was  vahd  for  Nematodes  so  they  are  grossly  unde 
represented  in  this  study. 

The  ensuing  reports  will  discuss  the  biology  an 
ecology  of  the  major  groups  of  soil  invertebrates.  Tli| 
sequence  in  which  they  are  covered  reflects  on] 
their  alphabetical  order  displayed  in  table  3. 

Oligochaeta:  Opisthopora 

Annehds  are  probably  the  best  known  of  all  so 
animals.  The  dominant  families  in  the  temperattj 
zones  are  Enchytraeidae  (potworms)  and  Limibriddaa 
(earthworms).  Enchytraeids  are  small  (most  specie^; 
<1  cm)  pale  worms  that  thrive  in  acidic,  organia 
soils.  Lumbricids,  on  the  other  hand,  are  many-foil 
larger  than  enchytraeids  and  reach  their  greates 
densities  in  neutral  to  slightly  alkaline  soils.  Ligha 
and  medium  loams  usually  have  greater  nimiberr 
and  species  of  earthworms  than  do  clays  and  alluvisa 
soils  (Lofty  1974). 

Earthworms  are  entirely  saprophagous.  They  fee« 
on  many  kinds  of  plant  litter  but  prefer  plant  debrii 
with  high  nitrogen  and  sugar  levels  and  low  poljj 

phenol  levels  —  just  like  most  other  saprophageei 
Oligochaetes  have  an  important  effect  on  litte« 
breakdown  and  soil  structure  through  such  activitiej 
as:  (1)  fragmenting  plant  debris  into  smallee 
particles,  (2)  incorporating  fragmented  and  deconn 
posed  plant  debris  into  lower  soil  horizons,  (3 
dumping  feces  (cast  material)  onto  soil  surface  ano 
litter  layers,  (4)  enhancing  activity  of  micrcf 
organisms  and  (5)  facilitating  the  formation  oc 
stable  organo-mineral  complexes  in  the  soil. 

Two  species  of  earthworms  were  dominant  in  tbn 
study  stands:  Dendrobaena  octaedra  a  small,  noni 
burrowing,  acid-tolerant  species  which  showed  i 
preference  for  the  upper  organic  layers;  anc 
Allolobophora  trapezoides  a  larger,  burrowinp 
species  which  was  often  found  deep  within  the  soili 

Two  incidental  species  were  also  recovered:  Dendro' 
baena  rubida  and  Octolasion  tyrtaeum. 

The  density  of  Dendroboena  spp.  was  twice  ai 

great  (124  vs.  60  m*)  at  Pine  Stump  stand  as  a 
Black  River.  On  the  other  hand,  the  density  of  th< 
burrowing  earthworm,  A.  trapezoides,  wai 

determined  to  be  0  at  Pine  Stump  and  9/m*  at  Blacl 
River.  These  densities  were  comparable  to  thost 
reported  by  Wallwork  (1970)  for  earthworms  ir 



woodland  mull-soils  (73  to  493/m').  We  have  no 
explanation  for  the  scarcity  of  A.  trapezoides  at 
Pine  Stump  except  that  soil  conditions  may  have 
been  too  acidic  for  it.  Differences  in  densities  of 
Dendrobaena  between  stands  may  be  related  to  the 
presence  of  twice  as  much  surface  litter  and  the  lack 
of  A.  trapezoides  at  Pine  Stump.  A  trapezoides 
may  create  unfavorable  conditions  for  Dendrobaena 
by  rapidly  consuming  their  food  (litter)  and  thereby 
destroying  their  micro-environment,  01,  02 
(organic)  layers. 

A.  trapezoides  probably  has  more  effect  on  soil 
structure  than  Dendrobaena  spp.  because  of  its  bur- 

rowing habits.  For  example,  the  soils  at  Black  River 
were  typically  well  granulated  and  the  Al  horizons 
were  very  dark,  especially  in  quadrats  1  and  2 
which  had  greatest  densities  of  A.  trapezoides.  This 
dark  coloration  is  due  to  the  incorporation  of  organic 
matter  from  the  Utter  layer  into  the  subsurface  soil 

—  probably  due  to  the  activities  of  A.  trapezoides. 
These  worms  may  have  been  responsible  for  the 
ishallow  litter  layer  at  Black  River  which  was  only 
half  of  that  at  Pine  Stump. 

Arachnida:  Acari 

I  Mites  constitute  one  of  the  largest,  most  diverse 

land  perhaps  most  abundant  group  of  soil-inhabiting 
^uiJiropods.  For  example,  there  are  4  major  sub- 
prders:  Acaridei  (=  Astigmata),  Prostigmata,  Meso- 
^tigmata,  and  Oribatei  (=  Cryptostigmata)  together 
(laving  several  hundred  families  of  soil-inhabiting 
poites  (Wallwork  1970).  Among  these  families,  one 
:»n  find  a  broad  range  of  feeding  habits:  detritus, 
fungal,  bacterial,  and  protozoan  feeders  as  well  as 
^nsect  and  mite  predators  and  parasites.  In  forest 
ijoils  the  majority  of  detritus  and  micro-organism 

y'eeders  belong  to  the  Oribatei  (Ghilarov  1971, 
?utcher  and  Snider  1971). 

I  Densities  of  mites  range  from  about  60,000  to 

.)ver  200,000/m*  in  forest  soils  (Ghilarov  1971, 
A^allwork  1970,  Harding  and  Stuttard  1974). 
because  of  their  microscopic  size,  they  contribute 
ess  to  mixing  of  soil  layers  than  do  earthworms, 
rheir  main  contributions  to  litter  decomposition  are 
lirough  the  comminution  of  organic  material  and 

nteractions  with  soil-microorganisms,  especially 
(ungi  (Mitchell  and  Parkinson  1976). 

I  In  this  study  we  found  all  of  the  4  major 
Suborders,  36  families  and  53  species  from  6  Tullgren 

core  samples  randomly  selected  from  each  stand. 
Recall  that  180  Tullgren  samples  were  collected 
from  each  stand.  The  partial  list  of  species  (table  3, 
Appendix)  probably  represents  as  little  as  25  percent 
of  the  total  numbers  of  species  present.*  If  our  small 
sample  is  indeed  representative,  then  the  most 
common  species  were  Oppiella  nova  (Oppidae), 
Synchthonius  crenulatus  (Brachychthoniidae), 
Tectocepheus  velatus  (Tectocepheidae),  Suctobelba 
spp.  (Suctobelbidae),  Cocceupodes  spp.  (Eupodidae), 
and  Rhagidia  spp.  (Rhagidiiae).  The  first  four 
genera  belong  to  the  Oribatei  and  the  last  two 
genera  to  the  Prostigmata.  Almost  half  of  all 
species  (26/53)  belonged  to  the  Oribatei. 

Average  i)opulation  densities  (based  on  June, 
July,  and  August  samples)  were  about  87,000  and 

94,000/m»  at  Black  River  and  Pine  Stump, 
respectively  (fig.  1,  Appendix).  Densities  were 
lowest  in  the  June  samples  and  highest  in  most 
cases  in  August,  presumably  due  to  either  vertical 
population  movements  or  rapid  reproduction  during 
the  summer.  Between  June  and  August  populations 

approximately  doubled  from  about  50,000/m*  to 
100,000/m*.  Seasonal  variations  in  mite  densities 
are  well  known,  but  most  evidence  indicates  that 
peaks  occur  during  fall  and  winter  months,  and 
troughs  occur  during  summer  months  (Wallwork 
1970).  If  this  is  true,  then  the  mite  densities 
observed  in  our  study  plots  may  represent  only  the 
lower  extreme  of  the  annual  spectrum  of  densities. 

Variations  in  population  densities  also  occurred 

among  different  quadrats  (fig.  1,  Appendix).  Such 
variations  were  not  related  to  the  depth  and/or 
pH  of  the  01  and  02  (organic  matter)  layers.  Probably 
they  reflected  variations  in  litter  moisture  contents, 
or  some  other  unmeasvured  variable,  or  were  simply 
a  result  of  the  sampling  techniques. 

Arachnida:  Araneida 

Spiders  are  perhaps  the  best  known  of  all  arachnids. 
They  occur  in  a  wide  variety  of  habitats  and  many 
families  have  a  close  association  with  the  soil-litter 
environment.  They  are  strictly  predators.  The 

impact  of  their  predation  on  the  soil-dwelling  in- 
vertebrates ig  poorly  known. 

^Personal  communication  with  Mr.  Roy  A.  Norton, 
1973. 



The  Pine  Stmnp  stand  had  more  than  twice  as 

many  spiders  (24.9  vs.  9.6/m*)  as  the  Black  River 
stand,  according  to  soil  sieve  samples  (table  4, 
Appendix).  Although  there  was  variation  among 
quadrats  the  data  indicate  that  population  densities 
tended  to  decline  from  June  to  August.  For 
example,  overall  mean  densities  in  August  were 
only  60  to  80  percent  of  those  recorded  in  June. 

Pitfall  traps,  which  caught  the  larger  spiders, 
revealed  that  Black  River  may  have  been  slightly 
more  productive  or  may  have  had  more  active 
species  (117  vs.  82)  than  Pine  Stump.  These  data 

represent  only  a  1-month  period,  mid-July  to  mid- 
August. 

Arachnida:  Chelonethida 

Pseudoscorpions  are  often  found  in  moist,  soil- 
litter  environments,  but  usually  are  not  very 
abimdant  (Wallwork  1970).  Pseudoscorpions,  like 
spiders,  are  strictly  zoophagous,  feeding  on  such 
flnimalfl  £ls  Oollembola,  other  small  insects,  mites, 
myriapods,  and  enchytraeid  worms.  Three  species 
Microbisium  brunneum,  M.  confusum,  and  Man- 
dochtonius  rossi)  were  found.  M.  brunneum,  a 
species  with  a  wide  range  of  geographic  distribution 
in  eastern  Canada  and  the  northern  United  States, 
is  typically  associated  with  acidic  environments, 
such  as  tamarack,  Larix  laricina,  bogs  (Hoff  1949). 
It  was  recovered  from  only  the  Pine  Stump  stand. 
M.  confusum,  another  widely  distributed  species 
\yith  a  range  extending  farther  to  the  south  than  M. 
brunneum,  was  recorded  from  both  stands.  It  is 
commonly  found  in  forest  litter  or  soil,  and  in 
decaying  logs  or  stumps  (Hoff  1949).  Although  it 
sometimes  occurs  with  M.  brunneum  on  wet  sites  in 

northern  Illinois,  it  apparently  prefers  drier 

uplands.*  It  can  be  separated  from  the  latter  by  its 
smaller  body  and  palp  size  (Hoff  1949). 

M.  rossi,  also  a  common  northern  pseudoscorpion, 
was  present  in  both  stands.  It  prefers  the  same  type 
of  habitat  as  M.  confusum. 

Densities  of  pseudoscorpions  were  2-  to  4-fold 

greater  (e.g.,  100  vs.  450/m*)  at  Pine  Stump  than  at 
Black  River  (fig.  2).  Such  differences  may  reflect 
difference  in  the  abimdance  of  prey  between  the 

'Personal  communication  with  Dr.  William  Much- 
more,  1973. 

two  stands.  In  both  stands,  highest  populatioi 
densities  occurred  in  July  and  lowest  densitiet 
occurred  in  June.  About  60  to  85  percent  of  th« 
individuals  were  immatures  at  both  Pine  Stmnp  anc 
Black  River. 

Arachnida:  Phalangida 

Harvestmen  are  common  in  the  surface  littei 

layer  of  many  forests.  They  are  primarilj 
zoophagous,  feeding  on  a  wide  variety  of  insects 
such  as  fly  and  beetle  larvae,  and  other  invertebrates 
They  are  highly  prone  to  desiccation  and  require  8 
continuous  source  of  free  drinking  water 
Therefore,  most  species  are  found  in  areas  withh 
high  humidity  and  peak  activity  often  occurs  in  thtei 
evening  (Wallwork  1970). 

We  recovered  six  species  of  harvestmen:  Leiobunumi 
calcar,  L.  politum,  L.  ventricosum,  Sabacon  crassi 
palpe,  Crosbycus  dasycnemus,  and  Odiellus  pictu&i 
pictus,  from  pitfall  traps.  We  captured  more  tham 
twice  (138  vs.  57)  as  many  harvestmen  at  Pinee 
Stump  than  we  did  at  Black  River. 

The  most  abimdant  species  at  Pine  Stimip  and 
Black  River  were  L.  calcar,  L.  politum,  and  O.  pictu&i 
pictus.  S.  crassipalpe  was  recovered  only  at  Blacklr 
River,  and  C.  dasychemus  was  recovered  only  at 
Pine  Stump. 

Chilopoda:  Geophilomorpha  and 
Lithobiomorpha 

Most  centipedes  are  very  susceptible  tc 
desiccation  and,  therefore,  are  usually  confined  t< 

moist,  but  not  wet,  micro-environments.  For 
example,  the  Geophilomorpha,  which  are» 
essentially  subterranean,  were  usually  found  below» 
the  litter  surface  in  the  02  and  A2  soil  horizons,  inii 
smaU  groups  of  2  to  5.  On  the  other  hand,  the  Litho< 
biomorpha  are  heavy-bodied  forms  which  cannots 
burrow  like  the  slender  Geophilomorpha  and  so  arei 
usually  found  in  existing  soil  pore  space  —  imden 
surface  Utter,  beneath  fresh  plant  debris,  unden 
logs,  and  stones. 

The  chilopods  are  predaceous  and  feed  on  a  wide 
variety  of  insects,  mites,  spiders,  nematodes,  and 
molluscs  (Wallwork  1970). 



Centipede  densities  were  6.3/m*  at  Black  River 
and  5.2/m*  at  Pine  Stump.  Two-thirds  at  Black 
River  and  2/5  at  Pine  Stump  were  lithobiomorphs. 
All  others  were  geophilomorphs. 

Diplopoda:  Polydesmida  and  luliformia 

Millipedes,  like  centipedes,  do  not  possess  a  very 
efficient  waterproofing  layer  on  their  cuticles  and, 
therefore,  most  are  susceptible  to  desiccation.  Milli- 

pedes typically  Uve  in  the  soil-organic  layers  among 
leaves,  rotting  wood,  and  under  stones.  Some  can 
burrow  into  the  lower  litter  and  upper  mineral 
layers.  Unlike  centipedes,  however,  millipedes  are 
phytophagous  and  saprophagous  (Edwards  1974). 
iThey  are  known  to  consume  large  quantities  of 
leaves  and  appear  to  show  a  preference  for  plant 
species  having  high  calcium  concentrations.  Their 

feeding  promotes  htter  breakdown  through  comminu- 
tion of  plant  debris  (McBrayer  1973). 

Our  samples  revealed  2  orders  of  miUipedes:  the 
%ound-backed  form,  luliforma,  and  the  flat-backed 
form,  Polydesmida.  The  former  are  burrowers, 
whereas  the  latter  are  not. 

Black  River  had  roughly  5-fold  more  (4.5  vs.  0.9/m*) 
millipedes  than  did  Pine  Stump,  based  on  soil  sieve 

samples.  Two-thirds  were  polydesmids  at  Black 
River,  whereas  only  one  individual  from  all  samples 
at  Pine  Stump  belonged  to  this  order.  All  other 
specimens  found  were  the  burrowing  iuliforms. 
These  data  suggest  that  the  Utter  layer  at  Pine 
Stump  may  have  been  too  dry  for  the  Polydesmids. 
Moreover,  at  Black  River,  most  polydesmids  (68 
percent)  came  from  quadrat  1  which  was  wetter 
than  all  other  quadrats.  Another  reason  for  the 
differences  in  abundance  of  polydesmids  between 
stands  could  be  differences  in  soil  pH.  Diplopods  are 
usually  more  abundant  in  calcareous  rather  than  in 
base  deficient  soils  such  as  occurred  at  Pine  Stmnp 
:WaUwork  1970). 

(nsecta:  Coleoptera 

Beetles  are  often  the  most  abundant  and  varied 

jroup  of  soil-inhabiting  macro-arthropods 
Wallwork  1970).  The  six  most  common  famiUes 
i)f  beetles  found  in  the  soil-litter  milieu  are 
Usually  Carabidae  (zoophagous),  Staphylindidae 

(zoophagous  and  saprophagous),  Elateridae 
(zoophagous  and  saprophagous),  Scarabaeidae  (phy- 

tophagous and  saprophagous),  Silphidae  (sapro- 
phagous), and  Pselaphidae  (zoophagous).  Most 

beetles  occupy  the  uppermost  part  of  the  Utter 
environment  where  their  major  ecological  roles  are 
the  comminution  of  organic  debris  and  predation. 

Our  samples  revealed  22  different  famiUes  of 
beetles  in  the  soil-Utter  environment  (table  3, 
Appendix).  The  numericaUy  dominant  taxa  were 
clearly  Staphylinidae  (rove  beetles),  Carabidae 
(ground  beetles),  Elateridae  (cUck  beetles),  and  Can- 
tharidae  (soldier  beetles)  (table  5,  Appendix). 
Interestingly,  these  families  are  comprised 
primarily  of  predaceous  forms  except  for  Elateridae 
which  also  has  many  saprophagous  forms. 

Densities  of  beetle  larvae  (all  species)  were 
sUghtly  higher  at  Black  River  than  at  Pine  St\mip 

(432  vs.  328/m*),  based  on  the  funnel  method  (table 
6,  Appendix),  just  as  were  densities  of  beetle  adults 

(19  vs.  16/m*).  The  funnel  method  suggested  that 
beetle  densities  tend  to  increase  from  June  to 
August.  On  the  other  hand,  the  soil  sieve  method, 

which  recovers  larger  larval  forms,  did  not  corrobo- 
rate this  pattern:  beetle  densities  increased  at  Black 

River  and  decreased  over  time  at  Pine  Stump. 

Insecta:  CoUembola 

dloUembola  or  springtails  are  usually  the  most 

abundant  insect  order  occurring  in  soil-litter 
environments.  Population  densities  vary  with 

ecosystems  but  are  known  to  range  from  5,000/m* 
to  200,000/m*  (Wallwork  1970,  Harding  and 
Stuttard  1974).  In  many  respects,  springtails  are 

ecologicaUy  similar  to  mites  —  particularly  to  the 
predominantly  saprophagous  Oribatei.  For 

example,  both  groups  have  similar  physical  environ- 
mental requirements,  and  both  occupy  primarily 

the  upper  organic  layers,  especiaUy  the  zone  of 
active  decomposition  (Wallwork  1970).  Neither 
mites  nor  springtails  can  burrow  and  so  use  the 
existing  soil  spaces.  Their  diets  are  probably  very 
similar  also,  consuming  fungal  hyphae,  spores, 
bacteria,  pollen,  algae,  feces,  and  plant  debris. 
Many  springtails  can  be  classified  as  opportunists 
because  they  are  not  specialized  consumers. 

Thirty-seven  species  (belonging  to  nine  famiUes) 
of  springtails  were  identified  from  a  randomly 



selected  subset  (60/180)  of  samples  (table  7, 

Appendix).  The  subsample  represented  a  cross- 
section  of  samples  from  every  quadrat  on  each  of 

the  three  sample  dates.  Sixty  percent  of  the  in- 
dividuals at  Black  River  and  71  percent  at  Pine 

Stiunp  were  positively  identified  to  species  level. 
The  remaining  specimens  could  not  be  identified 
because  they  were  immatures.  It  should  be  noted 

that  the  Tullgren  samples  are  biased  in  favor  of  the 
edaphic  forms.  Surface  and  Utter  dwelling  forms 
may  be  inaccurately  represented. 

Folsomia  Candida  (Isotomidae)  was  the  most 
abundant  springtail  found  at  both  areas  (table  8).  It 
is  a  white,  eyeless,  soil  form.  Other  very  common 
species  were:  TuUbergia  eollis,  Arrhopalites  benitus, 
and  Isotoma  olivacea.  These  4  species  comprised  61 
percent  of  the  total  numbers  of  specimens  at  both 
areas.  Two  other  species  (Guthriella  vetusta  and 

Tomocerus  vulgaris)  were  very  numerous  (each  com- 
prising 5  to  10  percent  of  total  population)  at  Black 

River,  but  were  scarce  «1  percent)  at  Pine  Stiunp. 

Average  population  densities  for  the  Black  River 

and  Pine  Stump  stands  were  16,882  and  14,208/m*, 
respectively  (fi^.  3).  In  both  stands  population 
densities  appeared  to  peak  in  July.  The  highest 

densities  observed  were  about  28,000/m*  and 
32,000/m*  at  Pine  Stump  and  Black  River,  re- 
spectively. 

Insecta:  Diptera 

Diptera  or  flies  probably  rank  closely  to  the  beetles 

in  their  importance  in  the  soil-litter  milieu 
(Wallwork  1970).  Unlike  the  beetles,  though,  only 
the  immature  or  larval  stages  of  flieg  are  functional 
members  of  the  soil  community.  Adult  flies  usually 
leave  the  community  and  few  feed  within  it.  The 
primitive  flies,  Nematocera,  are  predominantly 
saprophagous  or  fungi vorous.  The  more  advanced 
Brachycera  are  predominantly  predaceous,  and  the 
most  advanced  Cyclorropha  are  carrion  feeders, 
coprophagous,  saprophagous  and  parasitic.  In 
general,  Diptera  require  a  very  moist  environment, 
so  their  abundance  and  impwrtance  decrease  from 
moist  to  dry  environments. 

Twelve  families  of  Diptera  were  identified  from 

oiu"  soil  samples  (table  8,  Appendix).  This  is  a  con- 
servative estimate  of  the  taxonomic  diversity  of 

Diptera  because  many  immature  specimens  could 

not  be  identifi^  (15  percent  at  Black  River  and  4^ 
percent  at  Pine  Stump).  At  Black  River  the  mosi 
common  flies  were  in  order  of  decreasing  abundance 
Bibionidae,  (3ecidomyiidae,  and  Stratiomyiidae.  Al 
Pine  Stump,  we  found  no  Bibionidae  in  our  sampler - 
but  we  knew  they  occur  there.  As  at  Black  River 
the  other  two  most  abundant  families  were  Cecida 

myiidae  and  Stratiomyiidae.  The  soil  dwelling  font 
of  these  three  families  are  probably  Tall  saprophages 

Black  River  had  nearly  four  times  (1,154  vs 

428/m*)  as  many  fly  larvae  as  did  Pine  Stump.  Thisi 
difference  was  due  to  the  great  numbers  of  Bibionidae 
found  at  Black  River  but  not  at  Pine  Stump 
Edwards  (1974)  reported  a  study  of  Diptera  ir 
Danish  woodlands  which  found  from  232  to  1,076 

larvae/m*. 
Insecta:  Hymenoptera 

Ants  (Formicidae)  constitute  the  most  importami 
soil-litter  dwelling  forms  of  this  order.  They  arrf 
common  in  a  variety  of  environments;  from  desertm 
to  moist  woodlands.  Feeding  habits  of  ants  arf< 
highly  varied:  carnivorous,  phytophagous,  fimgii 
vorous,  xylophagous,  saprophagous,  and 
granivorous.  All  ants  are  soil  insects  and  manjj 
develop  nests  within  the  ground.  Through  timnelingg 
carrying  food,  and  culturing  fungi,  they  (1)  mil 
plant  debris  with  soil  material,  (2)  cause  locan 
increases  in  the  abundance  of  some  importam 
nutrients,  and  (3)  increase  soil  pore  space  and  aggree 

gate  formation. 

Twelve  ant  species  were  observed  in  one  or  botll 
of  the  stands  (table  9,  Appendix).  Most  are  woodd 
land  species.  Two  of  tiie  12  were  carpenter  antsi 
Camponotus  herculeanus  and  C.  noveboracensist 
C.  herculeanus  was  found  only  at  Black  River,  bun 
C.  noveboracensis  was  common  in  both  areas.  W*i 

found  nests  of  C.  noveboracensis  in  standing-dead 
aspen  trees.  It  is  known  to  nest  in  fallen  logs  anc( 
occasionally  within  the  soil  proper  (Wheeler  anw 
Wheeler  1963).  Standing-dead  aspen  trees  arfl 
almost  invariably  attacked  and  such  hollowed  tree* 
are  highly  susceptible  to  wind  breakage. 

Dolichoderus  taschemberg,  a  shiny  black,  mediunm 
sized  ant,  was  found  only  in  the  Pine  Stump  standd 
It  forms  very  large  colonies  in  wooded  areas.  Wrf 
observed  only  two  nests;  both  had  concave  moundi 
and  were  covered  with  bits  of  dead  balsam  fii 
needles,  and  other  leaves. 



Formica  fusca  and  F.  marcida,  two  very  similar 
species  in  api)earance  and  habits,  were  recorded 

from  both  stands.*  Their  nests  are  typically  made  in 
fallen  logs,  rotting  stumps,  or  mounds  of  soil.  How- 

ever, most  mounds  were  associated  with  decaying 
wood.  F.  fusca  was  more  abundant  of  the  two 
species. 

F.  ulkei,  although  not  observed  or  collected  in 
either  stand,  is  present  near  the  edge  of  the  Black 
River  stand  in  a  field,  and  has  the  potential  of 
moving  into  small  openings  within  the  forest 
(Wheeler  and  Wheeler  1963).  It  is  included  in  this 
discussion  because  of  its  probable  presence  within 
this  stand.  It  is  a  large  red  and  black  ant  which 
builds  rounded  or  conical  mounds  within  the  soil. 

Lasius  alienus,  a  small  dark  brown  ant,  was  found 
only  in  the  Black  River  stand,  where  it  appears  to  be 
rare.  This  species  prefers  well  shaded  woodlands 
where  it  typically  nests  in  rotting  logs  or  stumps 
(Wheeler  and  Wheeler  1963). 

Stenamma  diecki,  a  small  brown  ant,  prefers 
damp  wooded  areas  where  it  builds  small  nests 
common  in  wood  or  leaf  mold  (Wheeler  and  Wheeler 
1963).  This  ant  was  observed  in  small  colonies  in 
leaf  mold  on  old,  abandoned  Formica  spp.  mounds. 
It  is  moderately  common  in  both  stands. 

Tapinoma  sessile,  a  small  dark  brown  to  black 
ant,  was  observed  only  once  in  the  Black  River 
stand.  It  appears  to  be  rare.  Wheeler  and  Wheeler 
(1963)  state  that  probably  no  ant  surpasses  T.  sessile 
in  the  diversity  of  its  nesting  sites. 

Insecta:  Mecoptera 

The  eruciform  larvae  of  the  panorpa  group  of 
common  scorpion  flies  are  active  scavengers  in  the 

^  litter  and  upper  soil  layers.  Their  chief  food  is  dead 
"1  insects.  The  pupae  are  also  rather  active,  and  can 

'^  move  up  through  the  soil  to  allow  the  adults  to 
'"'escape  (Kevan  1962).  These  insects  are  temporary 
6*  I  soil  members.  One  Panorpa  helena  adult  and  one 

*The  Formica  fusca  group  has  recently  been  com- 
;  oletely  revised,  but  to  date  the  work  is  not  published. 
i  The  identification  of  F.  fusca  and  F.  marcida  are 
11  based  on  older  work  (personal  communication  with 
BJ  Dr.  Gordon  Ayre,  1973).  We  experienced  a  great 
i  deal  of  difficulty  separating  these  species,  and  as  a 

'esult,  recorded  them  as  one. 

P.  subfurcata  adult  were  casually  collected  in  June. 
Larvae  were  recovered  only  from  pitfall  traps  —  six 
from  Pine  Stump  and  only  one  from  Black  River. 

Insecta:  Orthoptera 

The  very  common,  but  elusive,  spotted  camel 
cricket,  Ceuthophilus  maculatus  (Gryllacrididae), 
was  collected  from  pitfall  traps  in  both  stands.  This 
insect  is  strictly  nocturnal,  spending  the  days 
hidden  in  dark  moist  places  of  the  litter  environ- 

ment. According  to  the  literature,  it  prefers  the 
drier  woodlands.  Zoogeographic  evidence  suggests 
that  the  northern  prairie  belt  was  its  original  habitat. 
It  is  an  onmivorous  feeder  (Hubbell  1936). 

Nearly  four  times  (51  vs.  14)  as  many  crickets 
were  recovered  from  Pine  Stump  as  from  Black 
River.  Over  twice  as  many  males  as  females  were 
recovered.  Records  indicate,  however,  that  the  sex 
ratio  is  typically  equal  so  perhaps  males  were  more 
prone  to  being  trapped  than  females  (Hubbell  1936). 
Immatures  increased  in  numbers  from  June 

through  August.  For  example,  no  immature 
individuals  were  recovered  during  June,  only  two 
were  foimd  in  July,  and  eleven  in  August.  The 
crickets  overwinter  primarily  in  the  egg  stage 
(HubbeU  1936). 

Insecta:  Psocoptera 

Few  members  of  this  insect  are  actually  litter- 
inhabiting.  Accordingly  they  are  probably  of  minor 
importance  in  the  edaphic  community.  Members 
representing  the  suborders  Eupsocida  and 
Troctomorpha  were  recovered  from  both  study 
stands.  Winged  eupsocids  were  the  most  abundant. 
All  the  Troctomorpha  belonged  to  the  family  Lipo- 
scelidae  and  were  taken  from  soil  core  samples. 
These  individuals  were  wingless  and  probably 
belonged  to  the  genus  Liposcelis.  They  are  probably 
litter-inhabiting. 

Insecta:  Thysanoptera 

Many  members  of  this  order  are  transient  soil- 
inhabitants.  Some  species  spend  their  pupal  stage  in 
the  soil  whereas  adults  and  larvae  of  still  other 

species  may  hibernate  in  the  upper  soil  or  Utter 
layers.  Some  thrips,  however,  are  more  closely  tied 



to  the  litter  environment  because  they  feed  on 

fungal  hyphae  or  on  small  invertebrates  (Kevan 
1962).  Members  of  this  order  probably  contribute 

very  little  to  the  soil  community.  The  few  individuals 
recovered  belonged  to  families  Thripidae  and 
Phloeothripidae. 

Mollusca:  Gastropoda 

This  phylum  consists  predominantly  of  marine 
organisms.  Some  have  invaded  the  terrestrial 
environment  apparently  via  the  fresh  water  route. 
These  are  the  common  snails  and  slugs  or  Gastro- 

pods. The  abundance  and  diversity  of  terrestrial 
molluscs  appear  to  be  greatest  in  woodland  habitats 

but  the  greatest  biomasses  may  occur  in  open  grass- 
land habitats  (Mason  1974).  Mollusc  populations  in 

brown  earth  and  mature  podzol  soils  are  generally 

small  (<l/m*).  However,  where  the  soil  is  calcareous 
and  loosely  packed  and  surface  vegetation  is 

abundant,  population  densities  may  reach  60/m* 
(Wallwork  1970).  Terrestrial  molluscs  seem  to 

exhibit  a  preference  for  calcareous,  neutral  to  alka- 
line, soil-Utter  milieus. 

is  widely  distributed  throughout  the  eastern  Unites 
States  and  southern  Canada  and  prefers  moist  wood 
lands  (Burch  1962).  Generally  it  was  foimd  \mdei 
debris  on  the  forest  floor. 

The  next  most  common  and  the  largest  snail  ait 
Pine  Stump  was  Succinea  ovalis.  Diuring  the  day  ii 
Uvea  imder  leaves  and  other  debris  on  the  foresi 

floor,  but  will  often  climb  trees  during  wet  weathei 
(Baker  1939).  Sample  data  indicate  that  its  popula 

tion  density  was  7/m*. 

The  three  most  common  snails  at  Black  Riveti 
were  Cionella  lubrica,  D.  cronkhitei  anthony,  andd 

Retinella  electrina  —  altogether  comprising  abouttj 
75  percent  of  the  individuals  found. 

Two  species  of  slugs,  Ceroceras  reticulatum  andd 
D.  laeve,  were  common  in  both  stands.  Thesee 
species  are  not  native  to  North  America.  They  were* 
recovered  only  from  pitfall  traps,  so  it  was,  nott 
possible  to  estimate  their  absolute  population! 
densities. 

Snails  and  slugs  have  diverse  feeding  habitats. 
Many  are  omnivorous  or  generalized  feeders  (Mason 

1974);  others  are  phytophagous,  fungivorous,  carni- 
vorous, xylophagous,  and  saprophagous  feeding  on 

both  plant  and  animal  remedns.  Many  genera  of 
gastropods  have  cellulases,  quite  unlike  most  other 
terrestrial  animals,  so  that  they  can  break  down  and 
utilize  the  obiquitous  cellulose  in  plant  remains. 

We  recovered  13  species  representing  eight  families 
of  slugs  and  snails  (table  10,  Appendix).  All  are 
terrestrial  species  except  one,  Lymnaeca 
catascorpium,  which  is  a  freshwater  snail.  Both 
areas  had  eight  species  of  snails  and  two  species  of 

slugs,  but  Pine  Stump's  snail  population  density 
was  four-fold  greater  (17/m*  vs.  4/m')  than  Black 

River's  based  only  on  soil  sieve  samples. 

Discus  cronkhitei  anthony,  a  small  brown  snail 
with  hehdform  shell,  was  the  most  abundant  species 

comprising  ~50  percent  of  the  total  snails  found  at 
Pine  Stump  (table  10,  Appendix).  It  comprised  less 
than  20  percent  of  the  population  at  Black  River.  It 

SUMMARY 

The  aspen  forests  in  this  study  had  substantia 
populations  of  small  mesofauna  and  only  meage 
populations  of  large  mesofaima  and  macrofaima.  L 
this  respect,  the  aspen  forests  resembled  mor  rathe)  i 
than  mull-like  sites.  For  example,  the  myripods,  isoi 
pods,  molluscs,  and  luinbricid  annelids,  which  aro 

prominent  in  mull  sites,  were  scarce  in  oiu"  study 
plots.  Instead,  the  prominent  organisms  were  mites 
Collembolla,  flies,  and  beetles.  A  scarcity  of  large 
burrowing  mesofauna  and  macrofauna  is  usuall]t 
reflected  in  a  restricted  distribution  of  soil  organic 

matter,  a  lower  degree  of  organo-mineral  mixings 
and  lower  amoimts  of  crumb  formation  (Wallworl 
1970).  This  was  certainly  evident  at  Pine  Stump  but 
not  so  at  Black  River,  presumably  because  of  thti 
presence     of     the     burrowing     earthwormi 
Allolobophora  trapezoides,  and  greater  numbers  oi 
burrowing  millipedes. 

Both  study  plots  had  similar  numbers  of  soili 
invertebrates,  as  shown  in  the  tabulation  below,  buti 
the  species  compositions  were  sUghtly  different. 
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Soil 
invertebrates 

Lumbricidae 
Acari 
Araneida 
Chelonethida 
Diplopoda 
Chilopoda 
Coleoptera 
Collembola 

Diptera 
Mollusca 

Black  Pine 
River  Stump 
stand  stand 

(mean  numbers/m*) 
70 

87,214 10 

108 
4 
6 

433 

19,157 

1,505 
4 

124 

93,653 
25 

313 
1 
5 

327 
14,108 

427 
17 

For  example.  Pine  Stump  had  more  individuals  of 
those  species  that  were  acid  tolerant,  (Dendroheana 
spp.,  Microbisium  brunneum)  and  fewer  of  those 
that  were  hydrophilous  or  very  sensitive  to  desicca- 

tion (Lithobiomorpha  centipedes,  polydesmid  milli- 
pedes, etc.). 

Soil  pH  samples  revealed  that  the  soils  at  Black 
River  were  more  basic  and  less  acid  than  soils  at 

Pine  Stump.  In  addition,  the  vegetation  and  general 
observation  indicated  that  Black  River  soUs  were 

wetter  and  less  subject  to  desiccation  dining  the 
summer  months.  These  conditions  probably  account 
for  the  differences  in  species  composition  between 
study  plots. 
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APPENDIX 

Table  1.  —Average  soil  depth^  and  pH  and  their  respective  ranges 
for  the  01  (undecomposed  litter),  the  02  (decomposed  organic 
material  down  to  the  humus  layer),  the  A2  (mineral  surface  soil), 
and  the  B  (subsoil)  horizons  for  each  quadrat  of  both  study  stands 

BLACK  RIVER  STAND 
Soil  horizon 

characteristics  : 

Ql 

Q2 

:   Q3     : 
Q4     : 

Stand 

mean 
01  Horizon 

S  Depth  (cm) 
Range  (cm) 

1.44 

0.5-8.0 
1.44 

0.5-8.5 

1.34 

0.5-4.5 

1.41 

0.5-7.0 

1.41 

0.5-8.5 

02  Horizon 
X  Depth  (cm) 
Range  (cm) 

8.91 

2.5-24.0 

7.98 
3.0-23.0 

8.98 
6.0-15.0 

8.10 

5.0-15.0 

8.49 

2.5-24.0 

X  pH 
Range 6.70 

6.0-7.2 

6.55 

6.2-7.0 

6.50 

6.0-7.0 
6.62 

6.0-7.0 

6.59 

6.0-7.2 

A2  Horizon 
X  Depth  (cm) 
Range  (cm) 

15.98 
0.0-23.0 

15.29 
0.0-27.0 

13.28 0.0-24.0 

12.67 

0.0-21.0 
14.31 

0.0-27.0 

X  pH 
Range 

6.80 

5.7-7.5 

6.48 

6.2-6.7 

6.66 

6.0-7.5 

6.63 

6.2-7.0 

6.64 

5.7-7.5 

B  Horizon 
X  pH 
Range 7.87 

7.5-8.0 
7.50 

7.0-8.0 

7.52 

7.0-8.0 
7.72 

6.7-8.0 

7.65 

6.7-8.0 
PINE  STUMP STAND 

01  Horizon 
X  Depth  (cm) 
Range  (cm) 

4.00 

2.0-8.0 
3.17 

0.5-7.0 

2.80 

1.0-5.5 
3.57 

1.5-5.5 

3.39 

0.5-8.0 

02  Horizon 
X  Depth  (cm) 
Range  (cm) 

8.27 
3.5-24.0 5.94 0.0-14.0 

5.43 
0.0-14.5 5.97 0.0-9.0 

6.40 

0.0-24.0 

X  pH 
Range 

6.00 

5.8-6.3 

5.90 
4.5-6.0 

6.28 
5.2-7.0 

6.20 
6.0-7.0 

6.10 

4.5-7.0 

A2  Horizon 
X  Depth 
Range (cm) 

12.31 

0.0-23.0 

11.60 

0.0-21.0 
10.04 

0.0-16.0 

9.63 

0.0-14.5 

10.90 

0.0-23.0 

i  pH 
Range 

6.05 

5.8-6.3 

5.36 
4.8-6.0 5.88 

5.5-6.1 

5.60 

5.5-6.0 5.72 4.8-6.3 

B  Horizon 
X  pH 
Range 

7.00 

5.5-8.0 

6.30 
5.3-8.0 

6.14 

5.5-6.8 

5.50 
4.8-6.0 6.24 4.8-8.0 

*Soll  depth 

recorded  for  any 
averages  are  based  on  the  number 

given  horizon. 

of  occurrences 

Table  2.  —  Forest  stand  table  showing  numbers  and  basal  areas  of 
different  tree  species  at  Black  River  and  Pine  Stump  study  plots 

BLACK  RIVER 

Tree 
stocking 

Tree  spec 
les 

Populue tremuloidea Populue       ■      Abiee 
baleamifera  ■  baleamea 

Betuta 

papynfera 

:  FvaxinuB 
:    nigra 

Totals/ •  acre 

Number  of  stems/acre 

Basal  area/acre 

584.0 

101.0 

75.0        92.0 

12.0         .5 

— 
89.0 

2.5 

840.0 
116.0 

PINE  STUMP                                  1 

Number  of  stems/acre 

Basal  area/acre 

736.0 

91.0 

25.0        33.0 

2.5        1.5 

54.0 

2.0 

— 848.0 

97.0 
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Table  3.  —  A  systematic  list  of  all  invertebrates  found  (identified  to  the  lowest 
taxon  possible) 

PHYLUM  ANNELIDA 
Class  Oligocheata 

Order  Opisthopora 
Family  Lumbricidae 
Allolobophora  trapezoides 
Dendrobaena  octaedra 

D.    rubida 
Octolasion  tyrtaevm 

PHYLUM  ARTHROPODA 
Class  Arachnida 

Order  Acari 

Suborder  Acaridei  (=Astigmata) 
Superfamily  Acaroidea 

Family  Acaridae 
Tyrophagus   sp . 

Superfamily  Anoetoidea 
Family  Anoetidae 

Histiosoma   sp. 
Suborder  Mesostigmata 

Superfamily  Parasitoidea 
Family  Ascidae 
Asaa  aphidioi-des 
A .    garmani 

Family  Crytolaelapidae 
Gamasellus   sp. 

Family  Digamasellidae 
Digamasellus   sp. 

Family  Laelapidae 
Eypoaspis   sp. 

Family  Phytoseiidae 
Amblyseius  krantzi 

Family  Podocinidae 
Podooinum  pacifiavm 

Family  Zerconidae 
Tarazeraon  vadiata 
Zevcon   sp. 

Superfamily  Sejoidea 
Family  Se j idae 
Sejus   sp . 

Suborder  Oribatei  (=Cryptostigmata) 
Superfamily  Carabodoidea 

Family  Tectocepheidae 
Teatooepheus  velatus 

Superfamily  Cepheoidea 
Family  Cepheidae 

Cepheus  aorae 
Superfamily  Ceratozetoidea 

Family  Ceratozetidae 
Ceratozetes   sp. 

Fusoozetes  bidentatus 
PropeZops   sp. 

Superfamily  Damaeoidea 
Family  Belbidae Belba   sp. 

Superfamily  Hypochthonoidea 
Family  Brachychthoniidae 
Bvaahyahthonius  semiornatus 
Braahyahthonius   sp. 
Liochthonius   sp. 

Synahthonius  arenutatus 
Family  Eniochthoniidae 
Hypochthoniella  borealis 

Superfamily  Mesoplophoroidea 
Family  Mesoplophoridae 
Arahoplophora  laevis 

Superfamily  Nothroidea 
Family  Camisiidae 
Platynothrus   sp. 

Family  Malaconothridae 
Ma laaono thrus   s p . 

Family  Nothridae No thrus   sp. 

Superfamily  Oppioidea 
Family  Oppiidae 

Oppia   sp. 

Oppiella  nova Quadvoppia   sp. 
Family  Suctobelbidae Suctobelba   (2  spp.) 

Superfamily  Oribatelloidea 
Family  Achipteriidae 

Anaahiptevia   sp. 

Superfamily  Oribatuloidea 
Family  Haplozetidae 

Xylobates   sp. 
Family  Oribatulidae 

Soheloribates   sp. 

Family  Oripodidae 
Oripoda   sp . 

Superfamily  Phthiracaroidea 
Family  Phythiracaridae 
Phthiraaarus  setosellum 

Steganaoavus  diaphanum 
Superfamily  Zetorchestoidea 
Family  Gustaviidae 

Gustavia   sp. 

Suborder  Prostigmata 
Superfamily  Bdelloidea 
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Family  Cunaxidae 
Cunaxa   sp. 

Superfamily  Eupodoidea 
Family  Eupodidae 

Coaceupodes    (2  spp.) 
Eupodes   sp . 

Family  Rhagidiiae 
Cocaovhagidia   sp. 
Rhagidia  longisensittiba 
Rhagidia   sp. 

Superfamily  Pachygnathoidea 
(=Endeostigmata) 

Family  Alicorhagiidae 
Alioorhagia   sp. 

Family  Pachygnathidae 
Bimiohaelia   sp. 
Paahygnathus   sp. 

Superfamily  Tarsonemoidea 
(=Tarsonemini) 

Family  Pyemotidae 
Bakerdania   sp. 
Miarodispus  obovatus 

Family  Scutacaridae 
Soutaoarus   sp . 

Family  Tarsonemidae 
Tarsonemus   sp. 

Order  Araneida 

Order  Chelonethida  (=Pseudoscorpionida) 
Suborder  Diploshyronida 

Family  Neobisiidae 
Miarobis-Cim  brurmeton 
M.    oonfusvan 

Suborder  Heterosphyronida 
Family  Chthoniidae 
Mundoahthonius  rossi 

Order  Phalangida 
Suborder  Palpatores 

Family  Ischyropsalidae 
Sabaoon  arassipalpe 

Family  Nemastomatidae 
Crosbyeus  dasyonemus 

Family  Phalangidae 
Leiobunum  caloar 

L.   politwn   Weed 
L,   ventrioosum 

Odietlus  pictus  piatus 
Ilass  Chilopoda 
Order  Geophilomorpha 
Order  Lithobiomorpha 

Ilass  Crustacea 

Order  Eucopepoda 
lass  Diplopoda 1 

Order  Polydesmida 
Class  Insecta 
Order  Coleoptera 

Suborder  Adephaga 

Family  Carabidae 
Agvonum  deoentis 

A,   gvat-iosum A.   mutatum 
A.   punatioeps 
A.   retraction 

Synuahus  i-mpunctatus 
Berribidion   sp. 

Calosoma  frigidion 

Sphaeroderus   teoontei 
Aoupalpus   sp. 
Brady aettus   sp. 

HarpaZus  pleuritiaus 
Harpalus   sp. 

Lebi  tricolor 
Badister   sp. 

Badister  refleccus 
Pterost-Lchus  ads  trie  tus 
P.   cor acinus 
Trechus  apicalis 

Family  Noteridae 
Suborder  Polyphaga 

Superfamily  Cantharoidea 
Family  Cantharidae 

Cantharis  fraxini 
C.   nigriceps 

Family  Lampyridae 
Etlychnia  oorrusca  autimnatis 

Superfamily  Chrysomeloidea 
Family  Chrysomelidae 

Attica   maybe  ignita 

Crepidodera  nana 
Oedionychis  subvittata 
Phratora  amerioana 

Bassarevcr  manmifer  setlatus 
Superfamily  Cucujoidea 

Family  Endomychidae 
Danae  testacea 

Family  Erotylidae 

Triplax  thoraaica 
Family  Lathridiidae 

Melanophthalma   sp. 

Family  Nitidulidae 
Epuraea  rufa 

Superfamily  Curculionoidea 
Family  Curculionidae 

Brachyrhinus  ovatus 
Superfamily  Elateroidea 
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Family  Elateridae 
Dalopius   sp. 

Superfamily  Hydrophiloidea 
Family  Histeridae 

Histev  depurator 
Family  Hydrophilidae 

Aruzaaena   sp. 

Cymhiodyta  fimhriata 
Hydrobius  fusaipes 

Superfamily  Scarabaeoidea 
Family  Scarabaeidae 

Aphodius  fimetari-us 
Aphodius   sp. 
Geotrupes  semiopaaus 

Superfamily  Staphylinoidea 
Family  Leiodidae 

Anisotoma   sp. 
Family  Leptodiridae 

Colon   sp. 
Family  Orthoperidae 
Family  Pselaphidae 
Family  Ptiliidae 
Family  Staphylinidae 

Lathrobiim   probably  breviperme 
L.    probably  simplex 
Lathrobiton   sp. 
Rugilus  dentatus 
Ontholestes  aingulata 
Philonthus  ayanipennis 
P.    lomatus 

P.    probably  miaccns 
Philonthus   sp. 
Quedius  moloahinus 
Q.   peregrinus 
Staphylinus  badipes 
Lordithon  ainetiaollis 
Lordithon   sp. 
Bryoporus  rufescens 
Tachinus  pallipes 
Tachyporus   maybe  elegan 
Taehyporus   spp . 

Family  Silphidae 
Niarophorus  sayi 
N.    tomentosus 

N.    vespilloides 
Superfamily  Tenebrionoidea 

Family  Alleculidae 
Isomira  quadristriata 

Order  Collembola 

Suborder  Arthropleona 
Superfamily  Entomobryoidea 

Family  Entomobryidae 
Entomobrya  quinquelineata 

E.   unostrigata 
Entomobvyoides  purpurasaens 
Lepidocyrtus   lignonmi 

L.   paradoxus 
L.   violaceous 
Orohesella  ainsliei 
Willowsia  buski 

W.   plantani  nigromaculata 
Family  Isotomidae 
Anurophorus   l^ricus 
Isotoma   near  finitimc. 
I.   muskegis 

I.   nigrifrons 
I.   notabilis 
I.   olivacea 

I.    trispinata 
I.   viridis 
Isotominella  minor 
Folsomia  aandida 
Guthviella  vetusta 
Proisotoma  minuta 

FaTiiTv  Tomoceri '^r"'^ 
Tomoaerus  flavesaens 
T.   vulgaris 

Superfamily  Hypogastruroidea 
Family  Hypogastruridae 

Hypogastrura  nivicola 
Family  Onychiuridae 

Hymenaphorura  similis 
Protaphorura  pseudarmatus 
Tullbergia  oollis 

Suborder  Neoarthropleona 
Family  Anuridae 

Antcrida  tullbergi 

Aphoromma  granaria 
Family  Neanuridae 
Micranurida  pygmaea 
Neanura  muscorum 

Pseudaohorutes  aureofasciatus 
Suborder  Symphypleona 

Family  Neelidae 
Megalothorax  albus 
Neelus  minutus 

Family  Sminthuridae 
Arrhopalites  benitus 
Sminthurinus   sp. 

Sphyrotheoa  minnesotensis 
Ptenothrix  marmorata 
Sminthurides   lepus 
S.    oaaultus 

Order  Diptera 
Suborder  Brachycera 

Superfamily  Empidoidea 
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Family  Dollchopidae 
Family  Empididae 

Superfamily  Tabanoidea 
Family  Stratiomyiidae 
Family  Tabanidae 

Suborder  Cyclorrhapha 
Superfamily  Muscoidea 

Family  Anthomyiidae 
Fannia   sp . 

Family  Muscidae 
Superfamily  Oestroidea 

Family  Sarcophagidae 
Family  Tachinidae 

Superfamily  Phoroidea 
Family  Phoridae 

Superfamily  Sciomyzoidea 
Family  Dryomyzidae 

Superfamily  Syrphoidea 
Family  Syrphidae 

Microdon   sp . 
Family  Helemoyzidae 

Suborder  Nematocera 
Superfamily  Bibionoidea 

Family  Bibionidae 
Superfamily  Culicoidea 

Family  Chironomidae 
(=Tendipedidae) 
Family  Culicidae 
Family  Simuliidae 

Superfamily  Mycetophiloidea 
Family  Cecidomyiidae 
Family  Sciaridae 

Superfamily  Tipuloidea 
Family  Tipulidae 

Order  Hemiptera 
Suborder  Geocorizae 

Family  Aradidae 
Family  Largidae 
Family  Miridae 
Family  Nabidae 
Family  Pentatomidae 
Family  Tingidae 

Order  Homoptera 
Suborder  Auchenorrhyncha 

Superfamily  Cicadoidea 
Family  Cercopidae 
Family  Cicadellidae 

Superfamily  Fulgoroidea 
Family  Delphacidae 

Suborder  Sternorrhyncha 
Superfamily  Aphidoidea 

Family  Aphididae 
Superfamily  Coccidea 

Family  Coccoidea 
Superfamily  Psylloidea 

Family  Psyllidae 
Order  Hymenoptera 

Suborder  Apocrita 
Superfamily  Cynipoldea 

Family  Cynipidae 
Superfamily  Ichneumonoidea 

Family  Braconidae Bvaoon   sp. 
Meteorus   sp. 

Macvooentrus     sp . 

Apanteles   sp. 
Family  Ichneumonidae 
Pleolophus  indistinctus Getis   sp. 

Phygadeuon   spp. 
Phaeogenes   sp .  s . 1 . 
Cvati-chneimon   sp. 

VuZgiahneumon  tevindlis 
Dialipsis  communis 
Oxy torus  antennatus 
Orthocentrus  spurius 

0.    frontator 
Piarostigeus   sp. 
Stenomaorus   sp . 

Hyposotev  popofensis 
CoGoygomimus  pedalis 
Ephialtes  annulicomis 
Aniseres   sp. 

Hyperaamus  cvassiaovnis 
Megastylus   sp. 
Chriodes   sp. 

Superfamily  Proctotrupoidea 
Family  Diapriidae 
Family  Platygasteridae 
Family  Proctotrupidae  (=Serphidae) 
Family  Scelionidae 

Superfamily  Scoliodea 
Family  Formicidae 

Doliahoderus   tasohenbergi 

Tapinoma  sessile 
Camponotus  herauleanus 
C.    noveboraaensis 
Formica  fusoa 
F.   marcida 

F.    probably  sanquinea  subnuda 
F.    ulkei 
Lasius  alienus 

Myrmica   probably  brevinodis 
M.    probably  emery  ana 
Stenamma  diecki 

Superfamily  Tenthredinoidea 
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Family  Tenthredinidae 
Superfamlly  Vespoidea 

Family  Pompilidae  (=Psammocharidae 
Family  Vespidae 

Vespula   sp . 
Order  Lepidoptera 

Superfamily  Geometroidea 
Family  Geometridae 

Superfamily  Noctuoidea 
Family  Artiidae 
Family  Noctuidae 

Superfamily  Sphingoidea 
Family  Sphingidae 

Superfamily  Pyralidoidea 
Family  Pyralidae 

Order  Mecoptera 
Family  Panorpidae 

Pancrpa  Helena 
P.    subfuraata 
Panorpa   sp. 

Order  Orthoptera 
Suborder  Caelifera 

Family  Acrididae 
Melanopus  istandiaus 

Suborder  Ensifera 

Family  Gryllacrididae 
Ceuthophilus  maaultus 

Order  Psocoptera 
Suborder  Eupsocida 
Suborder  Troctomorpha 

Family  Liposcelidae 
Liposcelis   sp. 

Order  Thysanoptera 
Suborder  Terebrantia 

Family  Thripidae 
Suborder  Tubulifera 

)        Family  Phloeothrlpidae 
PHYLUM  MOLLUSCA 
Class  Gastropoda 

Order  Basommatophora 
Family  Carychiidae 

Caryahivm  exiguvan 
Order  Pulmonata 

Family  Lymnaeidae 
Lymnaea  oatasaorpium 

Order  Stylommatophora 
Suborder  Heterurethra 

Family  Succineidae 
Sucoinea  ovaZis 

Suborder  Orthurethra 

Family  Cionellidae 
Cionella  Zubvioa 

Family  Strobilopsidae 
Strohilops   Idbyrinthiaa 

Suborder  Sigmurethra 
Family  Endodontidae 

Anguispira  altermata 
Disaus  oTonkhitei  anthonyi 

Family  Limacidae 
Devoaevas  retiautatum 
D.    laeva 

Family  Zonitidae 
Euaonulus  fulvus 
Retinella  eZectvina 
Vitina   timpida   Gould 
Zonitoides  arboreus 

PHYLUM  NEMATODA 

Table  4.  —  Spiders  occurring  in  different  quadrats 
of  both  study  stands  —  based  on  soil  block  sieve 
samples 

BLACK  RIVER  STAND 
Month  of 
sampling Quadrats 

Average  per 

quadrat Ql   : 

Q2 

Q3   : 

Q4 

June July 

August 
Average/mor th 

10.8 
8.7 
8.7 

number 
6.5 
8.7 
0.0 

Ai2-  - 

21.6 6.5 

17.3 

13.0 

8.7 4.3 
13.0 
8.1 
7.6 

9.4 
5.0 

15.1 8.7 9.6 
PINE 

STUMP STAND 
June 
July 

August 
Average/month 

26.0 

34.6 
13.0 

34.6 

17.3 
21.6 

8.7 

32.5 
28.1 

36.8 
23.8 
21.6 

26.5 

27.1 
21.1 

24.5 24.5 
23.1 

27.4 
24.9 
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Table  5.  —  Beetle  larvae  collected  in  each  study  stand  —  based  on 
soil  sieve  and  Tullgren  funnel  extraction  methods 

(In  number/m^) 

Families  of 

juvenile 

Sieving method Funnel 
method 

Black  River Pine   Stump Black  River :    Pine   Stump 

beetles stand stand stand :        stand 
Cantharidae 0.7 0.0 72.1 114.6 

Carabldae 
2.9 

1.4 21.6 30.6 

Chrysomelidae 
0.2 0.0 

0.0 

0.0 

Curcullonldae 0.2 0.0 0.0 0.0 
Elaterldae 1.8 9.7 14.4 68.7 

Lampyrldae 0.7 
1.1 0.0 0.0 

Orthoperldae 0.0 0.0 
14.4 

0.0 
Scarabaeldae 4.9 0.4 

0.0 
0.0 

Sllphidae 0.0 
0.2 

0.0 

0.0 Staphyllnldae 
2.5 

2.9 64.9 30.6 
Unknown   larvae 

Total   larvae 
0.0 0.0 245.1 84.0 

13.9 
15.7 

432.5 328.0 
Total   pupae 1.3 1.1 

0.0 
0.0 

Table  6.  —  Beetle  larvae  occurring  in  different 
quadrats  of  both  study  stands  —  based  on  soil 
block  sieve  and  Tullgren  funnel  extraction  methods 

BLACK   RIVER   STAND 

Month Sampling    : 
method      : Quadrats 

Average   per 

quadrat 

Ql 

:     Q2     : 

Q3 

Q4 

-  Nimber/m^   - June 

SM 

4 11 

15 

13 11 
FM 

183 0 513 

513 310 
Julv SM 6 

17 

6 15 11 
FM 

428 684 

855 

257 

556 August 
SM 6 

11 54 

6 

19 

Average/mon th 
FM 

SM 

257 

1,112 257 

85 428 
6 13 

25 

11 

14 

FM 

292 612 

542 

285 

432 

PINE 
STUMP    STAND 

June SM 24 

19 

30 

15 

22 
FM 99 

275 
183 

513 

275 
July 

SM 26 15 

13 

19 

18 

FM 

275 

642 

0 257 293 

August SM 11 4 9 2 6 

Average/mor th 
FM 

SM 513 
275 

642 

275 420 
20 13 17 12 

16 

FM 

305 397 

257 

350 328 Sieving  Method;  FM  =  Funnel  Method. 
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Table  7.  —  Collembolan  species  found  within  Tull- 
gren  core  samples  in  both  study  stands 

(In  number/in^) 

Species 

Black  :  Pine 
River  >  Stump 

Family  Entomobryldae : 
Entomobrya  qulnquellneata 
E.  unostrlgata 

Lepidocyrtus  llgnorum 
L.  paradoxus 
L.  violaceous 
Orchesella  alnsllel 
Wlllowsla  buskl 

W.  platanl  nlgromaculata 

Family  Isotomidaet 
Anurophorus  larlcus 
Isotoma  near  finitima 

I.  nigrifrons 
I.   notabllis 
I.  olivacea 

I.  trlspinata 
I,  vlridis 
Isotomlnella  minor 
Folsomia  Candida 
Guthriella  vetusta 
Proisotoma  minuta 

Family  Tomoceridae: 
Tomocerus  flavescens 

T.  vulgaris 

Family  Hypogastruridae : 

Hypogastrura  nivicola 

Family  Onychiuridaej 

21 

21 

0 21 
86 

150 

0 

21 

257 0 
0 

21 

235 
278 

64 0 

21 

364 
86 

257 

0 21 364 471 

385 
1,797 

150 

471 

107 
86 

21 0 

,459 

2,652 

.133 

0 
21 

150 

321 
299 

684 

86 

235 

Hymenaphorura  similis 

64 

278 

Protaphorura  pseudarmatus 

86 

0 
Tullbergia  collis 

2,951 941 

Family  Anuridae: 
Anurida  tullbergl 

43 21 

Aphoromma  granaria 
107 

428 

Family  Neanuridae: 
Micranurida  pygmaea 43 

86 

Neanura  muscorum 

21 

0 
Pseudachorutes  aureofasciatus 

millsi 21 0 

Family  Neelidae: 

Megalothorax  albus 

299 
171 

Neelus  minutus 

43 21 

Family  Sminthuridae: 
Arrhopalites   benitus 

1,155 
620 

Sphyrotheca  minnesotensis 

21 

0 
Ptenothrix  marmorata 21 0 
Sminthurides  lepus 0 86 
S.  occultus 171 0 
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Table  8.  —  Fly  larvae  by  family  for  each  study  stand  and  sampling method 

(In  number/m^) 

Families   of 

fly   larvae 

Funnel  meth od 

Sieving 
method 

Black  River 
Stand 

:    P 
ine   Stump 

Stand 
Black  River 

Stand 
:    Pine   Stump 

:        Stand 

Anthomylidae 7 8 — — 
Bibionidae 

1,009 
— 3.0 

Cecidomylidae 
209 

92 

— 
Chironomldae — 15 — 
Dollchopidae — — — 1 
Muscidae — — 

0.5 
1 

Sciaridae — — — 4 
Stratiomylldae 36 

115 — — 
Tabanidae 14 8 — 2 

Tipulidae 
— 8 

0.2 
3 

Unknowns 
Total   larvae 

238 183 0.4 1 

1,514 
428 4.0 12 

Table  9.  —  Ant  species  collected  by  different  sample  methods^ 

Pltfa 11 Siev 

ing 

Tot al 

Fie 

Id 

Ant    Species 

Meth 
od Method Observations Observa tions 

Black    : 
Pine Black 

:      Pine 
Black    : 

Pine 
Black    : 

Pine 

River    : 

stand    ; 

Stump 

stand 

River 

stand 

:    Stump 

:    stand 
River    ; 

stand    : 

Stump 

stand 
River    : 
stand    : 

Stump 

stand 

Camponotus   herculeanus 
C.    noviboracensis 

Dolichoderus    taschenbergi 
Formica   fusca  +  F.   marclda 

1 

12 
0 

15 

0 
2 
1 

10 

0 

0 
0 
0 

0 
1 
2 
1 

1 

12 
0 

15 

0 
3 
3 

11 + 

+ 

2 
+ 

F.    probably   sanguinea   subnuda 
F.    ulkei 

1 
0 

4 
0 

0 
0 

0 
0 

1 
0 

4 
0 1 - 

Lasius   alienus 3 0 0 0 3 0 - - 
Myrmica   probably  brevinodis 
M.    probably   emeryana 
Stenamma    dlecki 

Taplnoma   sessile 

6 

14 
0 

0 

0 
15 
2 

0 

0 

15 

0 

0 

1 
8 
2 
0 

6 
29 
1 
0 

1 
23 
5 
0 

+ 

1 

+ 

'The  Tullgren  Funnel  Method  is  not  listed  separately  but  its  results  are  included  in  the 
total  observation  column, 

'-  =   No  field  observations. 

'+  =  A  number  of  specimens  casually  observed  in  the  field  during  the  summer  but  not  counted. 

Table  10.  —  Gastropoda  species  collected  by  different  sampling 
methods  in  both  study  stands 

Gastropod  species             : 

Pitfall method Sieving  me 

Chod' 

Black  River 
Pine   Stump 

Black   River    . 
Pine   Stump 

stand stand stand          : stand 

Angulsplra  alternata 0 0 1 0 

Carychium  exiguum 0 0 0 0 
Clonella  lubrica 0 0 9 4 

Detoceras   retlculatum A 

14 

0 0 

D.    laeve 34 14 0 0 

Discus   cronkhitei  anthonyl 3 68 5 

46 

Euconulus    fulvus 0 1 0 0 

Lynmaea  catascorpium 0 0 1 0 

Retinella  electrlna 5 9 4 11 

Strobilops    labyrlnthlca 0 9 0 0 

Succlnea  ovalls 2 

11 

1 

37 

Vltrlna   limplda 0 0 

2  + 

+ 

Zonitoldes  arboreus 0 0 1 0 

'The  soil  block  sieving  method  did  not  select  for  most  snails  In  a 
precise  manner.  All  snails,  except  Sucainea  ovalis ,  were  small  and  occ 
a  niche  not  easily  accessible  by  this  technique.  Therefore,  the  number 
representing  each  species  for  this  method  are  not  very  accurate.  They 
however,  represent  a  datum  to  fix  relative  abundance  to.  Due  to  Its  1. 
size,  the  numbers  representing  S.  ovalis  for  this  technique  should  be 
considered  accurate. 

^+»  Sample  location  information  lost  for  the  three  specimens  found 
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Figure  1.  —  Mean  numbers  of  mites  in  different 
quadrats  at  Black  River  and  Pine  Stump  during 
June,  July,  and  August  —  based  entirely  on  Tull- 
gren  core  samples. 

Figure  2.  —  Mean  numbers  of  adult  and  immatun 
pseudoscorpions  in  Black  River  and  Pine  Stun.i 

stands  during  June,  July,  and  August  —  based  c ' 
Tullgren  samples. 
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Wagner,  T.  L.,  W.  J.  Mattson,  and  J.  A.  Witter. 
1977.  A  survey  of  soil  invertebrates  in  two  aspen  forests  in  northern 
Minnesota.  USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-40,  23  p.  North  Cent. 
For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

The  survey  in  Koochiching  County  revealed  4  phyla,  7  classes,  23 
orders,  and  134  families  of  invertebrates.  Insecta  was  the  largest  class 
having  11  orders  and  84  families.  Mites  and  CoUemboUa  were  most 
numerous  averaging  90,000  and  16,000/m^  respectively,  during  sununer. 

OXFORD:  114.68:142(776).  KEY  WORDS:  Mites,  CoUemboUa,  MoUuscs, 
earthworms,  Populus. 
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AN  ANNOTATED  BIBLIOGRAPHY  ON  RIVER  RECREATION 

Compiled  by 

Dorothy  H.  Anderson  and 
Earl  C.  Leatherberry,  Associate  Geographers, 

and  David  W.  Lime,  Principal  Geographer 

During  the  past  10  years  there  has  been  a  phenomenal  growth  in  the  number  of  people 
participating  in  water  recreation  activities  in  the  United  States.   One  of  the  most 

striking  examples  of  this  growth  is  on  our  Nation's  rivers.   For  example,  boating 
activities  have  increased  100  percent  during  the  last  decade  on  the  Allagash  River  in 
Maine,  the  Pine  River  in  Michigan,  and  the  Rogue  River  in  Oregon. 

Along  with  the  growth  in  the  number  of  people  using  river  recreation  resources  has 
come  a  growing  interest  on  the  part  of  administrators,  planners,  managers,  researchers, 

and  the  public  to  learn  more  about  these  resources.   Their  interest  is  evidenced  partly  by 
the  ever  increasing  volume  of  literature  about  river-based  recreation.   Concern  and 
excitement  about  river  recreational  resources  is  evidenced  further  by  the  response  at  a 
recent  international  symposium  on  river  recreation. 

The  Symposium,  River  Recreation  Management  and  Research,  sponsored  by  the  North 

Central  Forest  Experiment  Station's  Backcountry  River  Recreation  Management  Research 
Project,  was  held  in  Minneapolis,  Minnesota,  January  24-27,  1977.   About  400  participants 
representing  44  States  and  5  Canadian  Provinces  attended  the  meeting.   A  significant 

product  of  this  conference  is  a  published  proceedings^  containing  55  formal  papers  on 
various  aspects  of  river  recreation.   All  of  these  papers  have  been  cited  and  annotated 
in  this  bibliography. 

Most  of  the  literature  about  river  recreation  has  been  published  since  1968.   Also, 

much  of  the  literature  can  be  characterized  as:  (1)  involving  one-time  studies  without 
followup  research  to  identify  trends;  (2)  consisting  of  one-river  case  studies  not 
comparable  with  other  river  studies;  (3)  emphasizing  descriptive  rather  than  process- 
causal  analysis  of  river  problems;  (4)  focusing  on  Western  Whitewater  rivers  unique  in 

both  location  and  management;  and  (5)  concentrating  on  a  single  on-river  activity  during 
a  specific  time  of  the  year. 

An  important  criterion  used  to  determine  whether  or  not  a  publication  was  included 
in  the  bibliography  was  its  availability.   Most  materials  are  available  in  depository 
libraries  or  can  be  obtained  from  the  authors.   A  few  repcrts,  such  as  doctoral 
dissertations  and  some  Water  Resources  Institute  publications,  may  be  difficult  to  obtain 
but  are  included  because  of  the  knowledge  they  contribute  to  understanding  various 
aspects  of  the  river  recreation  resource. 

The  Bibliography  references  materials  were  collected  through  December  14,  1977. 

^  USDA  Forest  Service.   1977.   River  recreation  management  and  research.   USDA  For. 
Serv.  Gen.  Tech.  Rep.  NC-28,  455  p.,  illus .   North  Central  For.  Exp.  Stn.,  St.  Paul,  MN. 



The  bibliography  is  organized  into  nine  parts.   Within  each  one  papers  are  arranged 
alphabetically  by  author.   Many  of  the  references  are  cited  in  more  than  one  part.   There- 

fore, all  references  are  numbered.   If  a  reference  is  relevant  to  more  than  one  section, 
it  appears  with  its  annotation  in  the  first  appropriate  one  and  is  referenced  by  number 
only  at  the  beginning  of  all  other  relevant  sections.   As  an  aid  to  locating  references, 
an  author  index  is  provided  at  the  end  of  the  bibliography. 

Part  one  lists  several  annotated  bibliographies  covering  topics  such  as  carrying 
capacity,  landscape  aesthetics,  fishing,  and  the  socio-economic  aspects  of  water  resources 
relevant  to  management  and  research  of  water-based  recreation. 

Part  two  includes  references  that  provide  a  broad  overview  of  the  role  rivers  play 
in  outdoor  recreation.   Articles  describe  the  diversity  of  river  recreation  opportunities, 
document  the  need  for  research,  recount  attempts  of  State  and  Federal  governments  to 
preserve  rivers  through  legislation,  and  report  on  problems  encountered  by  recreation 
users,  river  managers,  landowners,  and  others. 

Methods  to  inventory  and  classify  river  recreation  resources  are  presented  in  part 

three.   River  resources  can  be  classified  by  any  number  of  variables  such  as  user  land- 
scape preferences,  physical  characteristics  of  the  river  environment,  level  of  experience 

needed  to  float  a  river,  and  types  of  activities  prevalent  on  a  river  or  in  the  river 
corridor. 

Part  four  cites  economic  methods  to  evaluate  alternative  uses  of  river  resources. 

Articles  cited  examine  the  economic  benefits  the  recreation  user  enjoys  by  supporting 
such  programs  as  stocking  rivers  with  game  fish  and  the  economic  benefits  realized  by 
private  entrepreneurs  who  provide  recreation  users  with  facilities  such  as  campgrounds, 
boat  docks,  and  places  near  the  river  for  recreation  equipment  rentals.   Benefits  such 
as  increased  employment  and  commercial  development  local  communities  may  receive  as  a 
result  of  preserving  local  rivers  for  recreation  are  discussed  also. 

Articles  cited  under  part  five  describe  investigations  of  the  impacts  that  people  or 
the  recreation  activity  have  on  river  resources  such  as  the  effects  of  trampling  on 
streambank  erosion  and  vegetation,  the  impacts  of  gasoline  motors  on  water  quality,  and 
the  consequences  of  littering  to  the  aesthetics  of  the  river  environment. 

Part  six  focuses  on  how  rivers  are  used  and  by  whom.   Users  have  been  identified  by 

their  socio-economic  characteristics,  preferences  for  specific  kinds  of  recreational 
activities  or  settings,  motivations  for  engaging  in  water  recreation  pursuits,  and 
behavior  they  exhibit  while  recreating  on  and  along  rivers. 

Techniques  such  as  site  management,  rationing,  zoning,  and  site  maintenance  and 
rehabilitation  to  manage  both  the  user  and  the  river  resource  to  meet  desired  management 
objectives  are  cited  in  part  seven. 

Part  eight  contains  an  unannotated  chronological  listing  of  all  Federal  legislation 
pertaining  to  the  National  Wild  and  Scenic  Rivers  Act  of  196S. 

An  unannotated  listing  of  selected  guidebooks  on  rivers  of  North  America  is  contained 
in  part  nine.   All  include  descriptive  information  about  rivers,  which  aids  in  defining 
the  role  of  rivers  as  recreational  resources. 
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BIBLIOGRAPHIES  PERTINENT  TO  WATER  RESOURCE  MANAGEMENT  AND  RESEARCH 

1.  Arthur,  Louise  M. ,  and  Ron  S.  Boster.   1976.   Measuring  scenic  beauty:  a  selected 
annotated  bibliography.   USDA  For.  Serv.  Gen.  Tech.  Rep.  RM-25,  34  p.   Rocky  Mt .  For. 
and  Range  Exp.  Stn. ,  Fort  Collins,  Colorado. 

Contains  167  references,  most  of  which  date  from  1965.   Papers  are  categorized  into: 
(1)  literature  review,  (2)  inventory  methods,  (3)  public  involvement,  or  (4)  miscellaneous. 

Many  annotations  include  a  "critical  comment". 

2.  Ditton,  Robert  B.   1969.   The  identification  and  critical  analysis  of  selected  litera- 
ture dealing  with  the  recreational  aspects  of  water  resources  use,  planning,  and 

development.   Res.  Rep.  23,  293  p.   Univ.  Illinois.   Water  Resour.  Cent.,  Urbana, 
Illinois. 

Describes  how  more  than  1,000  articles  and  publications  were  identified,  documented,  and 
classified  according  to  keyword  descriptors.   A  computerized  bibliographic  retrieval 
routine  was  developed  to  enable  an  investigator  to  receive  relevant  bibliographic  notations, 
Using  this  retrieval  system  to  assemble  bibliographies  by  topic,  this  project  surveyed  and 
analyzed  research  findings  and  their  implications  for  water  recreation  planning  and 
development.   An  interdisciplinary  water  recreation  planning  and  development  bibliography 
is  included. 

3.  Hamilton,  H.  R. ,  D.  H.  Owens,  J.  E.  Carroll,  A.  R.  Glenn, and  B.  A.  Gilmour.  1966. 

Bibliography  on  socio-economic  aspects  of  water  resources.  453  p.  USDI  Office  of 
Water  Resour.  Res.,  Washington,  D.C. 

Contains  770  annotations  of  papers,  most  of  which  were  published  between  1955  and  1965. 
Includes  literature  in  the  following  areas:  (1)  supply  of  and  demand  for  water  of  various 
qualities  including  the  competitive  use  for  industry,  domestic,  and  recreation;  (2)  method 
and  application  of  cost/benefit  analysis;  (3)  economic  impact  of  water  resource  and  water 
development  projects;  (4)  methods  of  determining  the  economic  value  of  sport  fisheries, 
viildlife,  and  other  aquatic  outdoor  recreation  resources;  and  (5)  social  values  of 
water-based  outdoor  recreation. 

4.  Potter,  Dale  R. ,  Kathryn  M.  Sharpe,  and  John  C.  Hendee.   1973.   Human  behavior  aspects 
of  fish  and  wildlife  conservation:  an  annotated  bibliography.   USDA  For.  Serv.  Gen. 

Tech.  Rep.  PNW-4,  287  p.   Pac.  Northwest  For.  and  Range  Exp.  Stn.,  Portland,  Oregon. 

Contains  995  references  from  218  different  sources  on  nonbiological  or  human  behavior 
aspects  of  fish  and  wildlife  conservation.   Includes  papers  on  sportsman  characteristics, 
safety,  law  enforcement,  professional  and  sportsman  education,  nonconsumptive  uses, 
economics,  and  history.   Also  includes  a  categorized  summary  of  reference  sources. 

5.  Potter,  Dale  R. ,  Kathryn  M.  Sharpe,  John  C.  Hendee,  and  Roger  N.  Clark.   1972. 
Questionnaires  for  research:  an  annotated  bibliography  on  design,  construction,  and 
use.   USDA  For.  Serv.  Res.  Pap.  PNW-140,  80  p.   Pac.  Northwest  For.  and  Range  Exp. 
Stn.,  Portland,  Oregon. 

Questionnaires  as  social  science  tools  are  used  increasingly  for  studying  the  human 

aspects  of  outdoor  recreation  and  other  natural  resource  fields.   An  annotated  biblio- 
graphy including  subjective  evaluations  of  each  article  and  a  keyword  list  is  presented 

for  193  references  to  aid  researchers  and  managers  in  the  design,  construction,  and  use 
of  mail  questionnaires. 

6.  Stankey,  George  H.,  and  David  W.  Lime.   1973.   Recreational  carrying  capacity:  an 
annotated  bibliography.   USDA  For.  Serv.  Gen.  Tech.  Rep.  INT-3,  45  p.   Intermt.  For. 
and  Range  Exp.  Stn.,  Ogden,  Utah. 

Contains  more  than  200  references  covering  recreational  carrying  capacity  problems. 
Contents  are  categorized  into  concept,  biology,  aesthetics,  and  management. 



2 
ROLE  OF  RIVER  RESOURCES  IN  OUTDOOR  RECREATION 

7.  Alexander,  Harold  E.   1965.   The  state's  role  in  stream  preservation.   Naturalist 
16(3):26-29. 

Suggests  that  stream  preservation  efforts  are  based  on  perpetuation  of  intangible  values, 
both  aesthetic  and  scenic,  that  contribute  to  the  scope  and  quality  of  the  human  environ- 

ment.  Believes  previously  used  criteria  for  assigning  values  to  intangibles  are  inadequate 
because  States  continue  to  lose  ground  to  development  interests. 

8.  Ailing,  Curtis  Edwin.   1977.   An  identification  and  analysis  of  the  critical  obstacles 
encountered  in  the  creation  of  State  natural  rivers  programs.  M.S.  thesis.   Dep.  of 
Recreation  and  Parks,  Texas  A&M  Univ.,  College  Station,  Texas.   71  p. 

Data  collected  from  40  States  that  have  taken  recent  action  to  protect  natural  river 
systems  was  analyzed  to  identify  and  try  to  devise  methods  to  overcome  the  obstacles 
encountered  by  State  agencies  as  a  result  of  their  actions  to  establish  natural  river 
programs.   Four  principle  obstacles  were:  (1)  opposition  of  the  local  community,  (2)  lack 
of  administrative  support  from  higher  levels  of  State  government,  (3)  competition  for  the 
river  corridor  resources  with  other  uses,  and  (4)  lack  of  visible  constituents  to  offer 
support.   Methods  are  suggested  to  overcome  these  obstacles.   Concludes  that  no  one 
alternative  is  a  solution  for  overcoming  the  obstacles,  and  that  each  area  should  be 
dealt  with  individually. 

9.  Alston,  Farnum,  and  Bob  Deer.   1975.   The  Wolf  River — an  uncertain  future.   Naturalist 
26(1):13-15,  18. 

Details  the  history  of  Menominee  Indian's  management  practices  and  use  of  the  Wolf  River 
in  northeastern  Wisconsin.   Discusses  land  tenure  changes.  State  leasing  of  land  for 
public  access  and  use,  and  current  conflicts  over  inclusion  of  Wolf  River  in  the  National 
Wild  and  Scenic  River  System. 

10.  Bock,  William,  and  Frank  Thomas.   1974.   A  look  at  the  Wild  and  Scenic  Rivers  Act. 
Tech.  Assist.  Pap.  Ser.  B,  Pap.  1,  18  p.   USDI  Bur.  Outdoor  Recreation. 

A  quick  reference  guide  consisting  of  two  parts:  (1)  self-explanatory  outline  of  the  Act, 
and  (2)  legal  opinions  that  answer  frequently  asked  questions  about  the  interpretation  of 
the  various  sections  and  phrases  of  the  Act. 

11.  Brittain,  Robert.   1958.   Rivers  and  man.   288  p.  Longsman,  Greeii  &  Co.,  London. 

Develops  the  idea  that  rivers  are  intimately  involved  in  every  stage  of  human  development. 

Traces  the  stages  of  man's  mastery  over  rivers  and  the  resultant  changes  in  human  society. 
Relates  ancient  uses  of  rivers  that  contributed  to  man's  progress:  fishing,  agriculture, 
urban  water  systems,  trade,  and  water  power. 

12.  Brockman,  Frank  C.   1961.   Recreation  and  water  in  the  west.  In   Water  Resources 

papers  1960:  water-measuring  and  meeting  future  requirements.   Harold  L.  Amos,  ed. 
Univ.  Colorado,  Boulder,  Colorado. 

Outlines  the  history  of  increasing  interest  in  public  recreation  lands  in  the  United 
States.   Notes  that  conflicts  in  priorities  arise,  especially  in  the  western  States, 
between  recreation  and  consumptive  uses.   Stresses  the  need  for  recreation  planning  that 
will  balance  such  conflicts  and  will  maximize  inherent  benefits  of  wildlands.   Cites 

current  research  that  will  facilitate  such  planning:  ecological  studies,  carrying  capacity 
research,  and  human  behavior  studies. 



13.  Brown,  Perry  J.   1977.   Information  needs  for  river  recreation  planning  and  manage- 
ment. In   River  recreation  management  and  research  Symp.  Proc . ,  January  Hi-ll ,    1977. 

USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28,  p.  193-201.   North  Cent.  For.  Exp.  Stn.', St.  Paul,  Minnesota. 

Information  inputs  to  making  decisions  about  recreational  use  of  rivers  are  described. 
Major  recreational  decisions  and  possible  inputs  to  them  are  identified.  A  future 
scenario  for  recreational  use  of  rivers  is  given  and  the  needed  research  on  information 
inputs  is  identified  within  the  context  of  the  scenario. 

14.  Bryan,  Robert  L.   1977.   Canoeing  use  of  Huron-Clinton  Metropark.  In   River  recreation 
management  and  research  Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28,  p.  121- 
124.   North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

An  urban  regional  Metropark  system  (Detroit  area)  continues  to  encourage  use  by  canoeists 
of  the  Huron  and  Clinton  Rivers.   Unrestricted  canoeing  use  has  been  encouraged  by  river 
inventory,  maps,  clean-up,  and  canoe  rental  concessions  and  facilities.   Author  suggests a  need  for  different  standards  for  urban  rivers  than  for  wild  rivers.   Believes  these 
standards  should  include  landscaped  urban  scenes  and  manufacturing  sites  as  well  as 
natural  scenery.   And,  canoeing  use  should  be  unrestricted  to  alleviate  social  pressures 
of  urban  residents. 

15.  Cheffins,  William  F.   1977.   New  initiatives  in  heritage  preservation:  the  agreements 
for  recreation  and  conservation  program  of  Parks  Canada.  In    River  recreation  manage- 

ment and  research  Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28,  p.  232-235. 
North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Parks,  Canada,  has  created  a  new  Program — Agreements  for  Recreation  and  Conservation  (ARC) 
to  ensure  the  preservation  of  a  broad  range  of  human  and  natural  heritage  resources  and 

to  meet  the  changing  leisure-time  needs  of  Canadians.   Describes  the  ARC  Program  and  its 
charter  to  identify,  plan,  preserve,  develop,  and  manage  historic  waterways,  historic 
land  trails,  wild  rivers,  and  heritage  areas. 

16.  Countess,  Michael  L.,  Walter  L.  Criley,  and  B.  R.  Allison.   1977.   Problems  and 
conflicts  associated  with  river  recreation  programming  and  management  in  the  East. 
In   River  recreation  management  and  research  Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech. 

Rep.  NC-28,  p.  147-150.   North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Increased  river  recreation  has  resulted  in  conflicts  betv;een  landowners  and  users  about 

project  development.   The  authors  suggest  that  controversies  typically  are  due  to  differ- 
ent attitudes,  values,  and  philosophies,  and  the  failure  of  the  managing  agencies  to 

incorporate  such  considerations  in  river  programs.   Most  problems  and  conflicts  are 
symptoms  of  an  uninformed  public. 

17.  Cowgill,  Peter.   1971.   Too  many  people  on  the  Colorado  River.   Natl.  Parks   Conserv. 

Mag.  45(11) : 10-14. 

Cites  problems  of  increasing  use  on  the  Colorado  River  through  Grand  Canyon  National  Park, 
Arizona.   Problems  resulting  from  the  disposal  of  waste  are  most  acute.   Current  park 
management  guidelines  seek  to  control  the  number  of  users  and  to  protect  the  most  fragile 
environments.   Two  issues  remain  undecided  for  this  section  of  the  Colorado  River:  wilder- 

ness designation  and  the  use  of  outboard/inboard  motors. 

18.  Craighead,  Frank  C,  Jr.   1965.   Semi-wild  rivers — the  Upper  Snake,  a  river  in  tran- 
sition.  Naturalist  16(3):6-17. 

Settlements  and  developments  along  the  Snake  River  have  harnessed  large  sections  of  the 
river  for  hydroelectric  energy.   Impoundments  and  dykes  have  likewise  altered  its  channel 
and  stream  flow.   Rivers  are  dynamic  and  they  often  change  in  subtle  ways,  such  as  the 
type  of  recreation  use  and  users  and  the  man-made  structures  along  rivers.   Scientific, 
informed  approaches  are  needed  to  classify,  evaluate,  and  manage  rivers.   Outdoor  recrea- 

tion experiences  are  influenced  by  both  the  uniqueness  of  the  water  resource  and  the 
quality  of  recreational  experiences.   Steps  to  integrate  river  recreation  management  into 
public  planning  for  an  entire  river  basin  are  suggested. 



19.  Craighead,  John  J.   1965.   Wild  River.   Naturalist  16(3) :l-5. 

Describes  the  experience  of  running  a  wild  river  and  the  fragility  of  the  river  resource. 
Suggests  a  classification  system  for  types  of  recreation  use  of  rivers.   Urges  national 
legislation  to  preserve  wild  rivers  for  the  future. 

20.  Craighead,  John  J.   1966.   Wild  Rivers... in  a  national  scenic  rivers  system. 

Naturalist  17(2):  29-31. 

Analyzes  the  effectiveness  of  a  wild  rivers  bill  proposed  in  the  1965  U.S.  Senate.   Notes 
lack  of  river  classification  system,  specific  administrative  objectives,  and  methods  for 
evaluating  changes  in  use  patterns  and  user  impacts  on  rivers.   Compares  wilderness 
management  legislation  with  proposed  river  legislation. 

21.  Curtis,  Eric  J.   1977.   Some  legal  aspects  of  river  recreation  management  in  the  East. 
In   River  recreation  management  and  research  Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech. 

Rep.  NC-28,  p.  8-18.   North  Cent.  For.  Exp.  Stn. ,  St.  Paul,  Minnesota. 

The  theme  is  the  almost  incredible  multiplicity  and  the  complex  interrelation  of  overlap- 
ping governmental  controls  and  private  lawsuits  affecting  rivers  and  streams  in  the  East. 

A  basic  formula  or  approach  to  help  identify,  understand,  and  distinguish  these  interwoven 
legal  control  mechanisms  is  presented.   Certain  basic  principles,  cases,  and  authorities 

are  incorporated  into  fable  form  based  upon  Siegfried's  Rhine  Journey. 

22.  Eastman,  Robert  L.   1977.   River  preservation  and  recreation  programs.  In   River 

recreation  management  and  research  Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28, 
p.  178-182.   North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

The  circumstances  that  led  to  the  passing  of  the  Wild  and  Scenic  River  Act  in  1968  are 
reviewed.   Also,  the  legislation  that  has  been  considered  and  passed  with  respect  to 
adding  rivers  to  the  National  Wild  and  Scenic  Rivers  System  is  discussed. 

23.  Elliott,  Robert  L.   1977.   Commercial  river  outfitting:  its  educational  role  and 
responsibilities  to  the  future.  In   River  recreation  management  and  research  Symp. 

Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28,  p.  213-219.   North  Cent.  For.  Exp. 
Stn.,  St.  Paul,  Minnesota. 

Three  trends  are  postulated:  (1)  a  decrease  in  the  rate  of  demand  for  commercial  outfit- 

ting services,  (2)  an  increase  in  demand  for  "do-it-yourself"  trips,  and  (3)  an  increase 
in  governmental  regulations.   The  competition  between  commercial  outfitters  and  private 
groups  on  restricted  rivers  is  explored.   Suggests  that  commercial  outfitters  can  be 

justified  for  both  their  "educational"  and  "public  access"  services;  the  outfitter  who 
so  justifies  his  existance  can  enjoy  a  greater  freedom  from  worry  over  future  survival. 

24.  Ellis,  Willis  H.   1966.   Watercourses-recreational  uses  for  water  under  prior 
appropriation  law.   Nat.  Resour.  J.  6(2) :181-185. 

Reviews  the  1965  court  case,  Colorado  River  Water  Conservation  District  versus  Rocky 
Mountain  Power  Company,  in  which  the  District  sought  to  specify  rates  of  flow  necessary 
for  fish  life  in  order  to  prevent  further  water  diversion  by  the  Company.   Colorado 
Supreme  Court  denied  the  District  the  water  rights  it  claimed  based  on  the  decision  that 
the  State  of  Colorado  has  no  legal  authority  to  acquire  water  rights  for  fish  propagation 
without  making  a  diversion,  such  as  a  retaining  pond,  from  the  stream.   This  decision 
appears  to  conflict  with  a  1937  decision  that  empowered  the  District  to  hold  sufficient 
water  from  natural  streams  to  preserve  fish  for  the  benefit  of  the  recreating  public. 

25.  Fisher,  Dorothy  L.   1976.   Congress  debates  a  river's  future:  the  Missouri  River. 
Environmental  Comment,  June  1976,  p.  4-5.  (A  publication  of  the  Urban  Land  Institute) 

Briefly  describes  efforts  to  designate  a  170-mile  stretch  of  the  Missouri  River  in  north- 
central  Montana  into  the  National  Wild  and  Scenic  Rivers  Act.   Also  summarizes  the  find- 

ings of  a  study  to  determine  suitability  of  the  River  for  inclusion  in  the  system. 



26.  Ford,  Charles  R.   1975.   Effect  of  new  legislation  on  management  of  river  systems. 
40th  North  Am.  Wildl.  Nat.  Resour.  Conf .  Trans.  40:273-280. 

Several  recent  laws — the  Water  Resources  Development  Act  of  1974,  the  Flood  Disaster  Pro- 
tection Act  of  1973,  the  Disaster  Relief  Act  Amendments  of  1974,  the  Housing  and  Community 

Development  Act  of  1974,  and  the  Federal  Water  Pollution  Control  Act  Amendments  of  1972— 
will  have  a  major  impact  on  river  management.   These  laws  give  the  Federal  agencies,  that 
are  responsible  for  water  resources  planning  new  and  improved  authority  for  managing  rivers 
with  multiple  purposes  with  multiple  means.   A  brief  summary  of  the  parts  of  each  act 
relevant  to  improving  the  management  of  river  systems  in  urban  areas  is  given.   Opportuni- 

ties for  improving  the  urban  environment,  preserving  green  space  and  wetlands,  and  conserv- 
ing and  enhancing  wildlife  are  also  summarized. 

27.  Gunn,  Clare  A.   1977.   Urban  rivers  as  recreation  resources.  In   River  recreation 
management  and  research  Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28,  p.  19-26. 
North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Cites  examples  of  current  recreational  developments  of  urban  waterways:  San  Antonio  River 
Walk,  Wichita  River  Parkway,  Trent-Severn-Rideau  Waterway  (Ontario),  and  New  York  State 
Canal  Recreation  Development  Program.   Documents  benefits:  protection  of  natural  amenities, 
revitalization  of  downtown,  provision  of  leisure  activity,  and  increases  in  jobs,  incomes, 
and  taxes  generated  through  commercial  enterprises  related  to  development. 

28.  Haack,  Lawrence  E.   1975.   Rivers  of  the  Hiawatha.   Naturalist  26(l):24-27. 

Describes  recreation  opportunities  on  rivers  in  the  Hiawatha  National  Forest  of  the  Upper 
Peninsula  of  Michigan  and  gives  a  brief  history  of  land  use.   Notes  Forest  Service  multiple 
use  management  techniques  employed  in  three  use  zones  of  the  Forest:  general  forest,  travel 
influence,  and  water  influence. 

29.  Hammon,  Gordon  A.,  Harold  K.  Cordell,  Lewis  W.  Moncrief,  M.  Roger  Warren,  Richard  A. 
Crysdale,  and  John  Graham.   1974.   Capacity  of  water-based  recreation  systems  part  I: 
the  state  of  the  art — a  literature  review.   Water  Resour.  Res.  Inst.  Rep.  90,  49  p . 
North  Carolina  State  Univ.,  Raleigh,  North  Carolina. 

Examines  the  problem  of  identifying  the  optimal  use-level  of  recreation  for  a  given  water 
body.   Recognizes  the  complex  and  dynamic  concept  of  carrying  capacity  and  reviews  litera- 

ture that  relates  to  factors  influencing  capacity.   Discusses  applicability  of  Liebig's 
law  of  the  minimum  to  carrying  capacity.   Reviews  empirical  research  related  to  capacity 
conceptualization  and  measurement.   Stresses  the  need  for  theoretical  models  for  measuring 
capacity. 

30.  Hecock,  Richard  D.   1977.   Recreational  usage  and  users  of  rivers.  In   River  recrea- 
tion management  and  research  Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28, 

p.  11^-l^h.      North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Describes  trends  in  the  recreational  use  of  rivers  by  studying  participation  data  and 

usage  information.   Identifies  patterns  of  socio-economic  and  experiential  characteristics 
of  users.   Evaluates  existing  data  and  assesses  data  needs  on  river  recreation  use  and 
users. 

31.  Herbst,  John  R. ,  and  Edgar  L.  Michalson,  eds.   1969.   A  wild  and  scenic  rivers 

symposium.   July  25-27,  1969.   49  p.   Water  Resour.  Res.  Inst.,  Univ.  Idaho, 
Moscow,  Idaho. 

Directs  the  Idaho  Water  Resources  Institute  to  develop  criteria  for  evaluating  proposed 
rivers  for  inclusion  in  the  National  system.   Identifies  three  major  research  areas  for 
wild  and  scenic  rivers  studies:  (1)  importance  of  aesthetics  in  river  evaluation;  (2) 

development  of  quantitative  methods  to  measure  economic  benefits  and  trade-offs  gained 
from  wild  or  scenic  river  status;  and,  (3)  alternative  methods  of  river  evaluation. 



32.  Kuser,  Verne.   1977.   Industry  responds  to  the  explosion  in  river  recreation.  In 

River  recreation  management  and  research  Symp .  Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep. 

NC-28,  p.  38-44.   North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Describes  the  response  of  private  enterprise  to  the  growing  interest  in  river  recreation — 
(1)  increase  in  the  number  of  outfitters,  (2)  increase  in  watercraft  and  gear  production, 
(3)  increase  in  the  literature  about  the  sport,  and  (4)  increase  in  number  of  services 

that  are  provided  the  river-using  public. 

33.  Ingram,  Helen.   1971.   Patterns  of  politics  in  water  resources  development.   Nat. 

Resour.  J.  11(1) :102-118. 

Water  policy  is  currently  undergoing  a  rash  of  criticism.   Water  development  has  a  strong 
impact  on  society  and  on  plants  and  wildlife,  yet  little  attempt  has  been  made  in  water 

policy  to  fulfill  social  or  environmental  goals — primarily  because  the  pattern  of  politics 
in  water  is  politically  rational.   To  effectively  alter  water  policy,  the  long-held  view 
that  water  is  a  local   resource  must  be  changed  to  reflect  its  regional  and  national 
importance.   This  change  can  be  brought  about  through  political  leadership  and  education. 

34.  Iseri,  Kathleen  T.,  and  W.  B.  Langbein.   1974.   Large  rivers  of  the  United  States. 
USDI  Geol.  Surv.  Circ.  686,  10  p.   Washington,  D.C. 

Presents  information  on  the  flow  of  the  28  largest  rivers  in  the  United  States  based  on 

averages  during  the  periods  1931-1960  and  1941-1970.   Rivers  are  classified  with  respect 
to  their  flows  as  measured  by  volume  of  discharge.   River  lengths  and  drainage  areas 
provide  a  subsidiary  classification  system.   Human  activity  as  well  as  topography, 
geology,  climate,  and  vegetation  greatly  affect  streamflows  and  the  character  of  rivers. 

35.  Lewis,  Darrell  E.,  and  Gary  G.  Marsh.   1977.   Problems  resulting  from  the  increased 
recreational  use  of  rivers  in  the  West.  In   River  recreation  management  and  research 

Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28,  p.  27-31.   North  Cent.  For.  Exp. 
Stn.,  St.  Paul,  Minnesota. 

Discusses  impacts  and  conflicts  created  by  increasing  recreational  use  of  rivers  in  the 

western  United  States.   Problems  addressed  include  environmental,  social,  and  administra- 
tive interrelations  on  rivers. 

36.  Lime,  David  W.   1975.   Backcountry  river  recreation:  problems  and  research  opportuni- 
ties.  Naturalist  26(1):  2-6,  16-17. 

Identifies  increasing  use  of  backcountry  rivers  and  the  associated  social  and  environmental 
problems.  Urges  sociological  research  on  three  topics:  (1)  how  patterns  of  river  use  and 
characteristics  of  users  vary  within  and  between  rivers;  (2)  how  current  and  potential 

users  define  a  high-quality  river  recreation  experience;  and  (3)  kinds  of  management 
techniques  needed  to  increase  user  enjoyment  and  decrease  resource  damage. 

37.  Lime,  David  W.   1977.   Research  for  river  recreation  planning  and  management.  In 
River  recreation  management  and  research  Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech. 

Rep.  NC-28,  p.  202-209.  North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Three  research  problem-areas  emphasizing  social  or  people  problems  on  rivers  are  described: 
(1)  how  patterns  of  river  recreation  use  and  characteristics  of  users  vary  on  individual 
rivers,  between  different  rivers,  and  with  time;  (2)  how  current  and  potential  users 
define  quality  river  recreation  experiences;  and  (3)  how  patterns  of  river  recreation  use 
can  be  modified. 



38.  Litton,  R.  Burton,  Jr.,  Robert  J.  Tetlow,  Jens  Sorensen,  and  Russell  A.  Beatty. 
1974.   Water  and  landscape:  an  aesthetic  overview  of  the  role  of  water  in  the  land- 

scape.  314  p.   Water  Inf.  Cent.  Inc.,  Port  Washington,  New  York. 

Discusses  the  aesthetic  role  of  water  on  landscape.   Proposes  a  visual  classification 
system  for  fresh  water  resources  based  on  landscape,  setting,  and  waterscape.   Cites 
criteria  for  natural  and  man-made  landscape  evaluation.   Recommends  intra-agency  adoption 
of  aesthetic  evaluation  policies  for  water  so  that  water-oriented  landscapes  may  be  defined 
and  evaluated  using  aesthetic  criteria  as  major  tools.   Encourages  research  that  incorpo- 

rates aesthetic  evaluation  with  benefit  cost  analysis. 

39.  Mann,  R.   1973.   Rivers  in  the  city.   256  p.   Praeger  Publishers,  New  York,  New  York. 

Discusses  historical,  economic,  sociological,  and  aesthetic  problems  of  urban  river  manage- 
ment and  the  important  aspects  of  progress  in  the  conservation  of  river  landscapes.   Tells 

how  15  major  urban  communities  have  utilized  their  river  landscapes  to  provide  recreational facilities. 

40.  McCool,  Stephen  F.,  L.  E.  Royer,  J.  J.  Kennedy,  and  J.  D.  Hunt.   1974.   Recreational 
use  and  management  problem.s  on  Utah's  wild  rivers.   Utah  Acad.  Sci.  Arts   Lett.  Proc. 
51(1)  :109-115.   Utah  State  Univ.,  Logan,  Utah. 

Discusses  management  problems  on  wild  rivers  in  the  Intermountain  West:  increased  visitor 

use  on  flora  and  fauna  native  to  riverine  environments;  human  waste  disposal;  motivations 
of  visitors;  and  opportunities  for  visitor  solitude.   Suggests  that  a  carrying  capacity- 
based  recreation  management  system  could  solve  these  problems. 

41.  Michalson,  Edgar  L.   1975.   Part  C:  wild  and  scenic  rivers.  In   Regional  problem 

analysis  in  the  Pacific  Northwest,   p.  87-122.   Wash.  State  Univ.,  Pullman,  Washington. 

Stresses  the  need  for  clarifying  problems  faced  by  multiple-agency  management  of  rivers. 
Suggests  that  universities  take  an  active  role  in  river  research  and  identifies  four  general 
areas  needing  investigation:  (1)  environmental  problems;  (2)  carrying  capacity  (the  estab- 

lishment of  limits,  management,  and  the  results  of  management);  (3)  commercial  and  non- 
commercial uses  and  demands;  and  (4)  jurisdictional  arrangement  (functional,  geographical, 

agency) . 

42.  Moncrief,  Lewis,  and  Jan  Canup .   1974.   Forgotten  rivers.   Parks  and  Recreation  9(10): 
30-33,  68,  70,  72,  74. 

The  authors  argue  that  the  potential  of  urban  rivers  for  recreational  purposes  has  not  been 
fully  realized.   Cites  the  importance  of  public  opinion  in  urban  river  reclamation.   Urges 
development  of  riparian  corridors  to  take  advantage  of  rejuvenated  waters.   Discusses 
efforts  in  Delaware  and  Texas  to  implement  greenways  along  urban  rivers. 

43.  Montana  Dep  .  of  Fish  and  Game.   1976.   Montana  Outdoors  8(2):l-45. 

Special  issue  of  the  "Montana  Outdoors"  magazine  that  emphasizes  the  Yellowstone  River. 
Articles  feature:  the  role  the  River  has  played  culturally  for  the  past  200  years;  public 

opinion  on  future  water  use;  water  requirements  for  industry,  fish,  wildlife,  and  recrea- 
tion; and  nine  Yellowstone  Basin  research  projects  that  document  the  effects  of  increased 

water  withdrawals  on  recreation,  fish,  and  wildlife. 

44.  Nash,  Roderick.   1977.   River  recreation:  history  and  future.  In   River  recreation 

management  and  research  Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28,  p.  2-7. 
North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

The  recent  rise  of  interest  in  river  recreation  must  be  seen  against  a  background  of  fear 
of  wild  rivers  as  part  of  the  uncontrolled  wilderness.   Revolutions  in  ideas,  equipment, 

and  technique  paved  the  way  for  the  transformation  of  river  running  from  a  high-risk 
expedition  to  family  fun.   Suggests  the  future  will  see  increasing  competition  for  the 
recreational  potential  of  rivers,  particularly  for  float  trips. 



45.  Outdoor  Recreation  Resources  Review  Commission-   1962.   Sport  fishing — today  and 
tomorrow.   ORRRC  Study  Rep.  7,  130  p.   Gov.  Print.  Off.,  Washington,  D.C. 

Presents  an  appraisal  of  fishing  as  a  form  of  recreation  in  the  United  States  and  includes 

a  State-by-State  survey  of  the  problems  of  supply,  status  of  fishing  waters,  and  management 
policies  and  responsibilities.   Covers  present  and  future  supply  of  both  warm-  and  cold- 
water  fish  and  projects  the  future  of  sport  fishing  by  regions. 

46.  Outdoor  Recreation  Resources  Review  Commission.   1962.   Water  for  recreation-values 
and  opportunities.   ORRRC  Study  Rep.  10,  130  p.   USDI  Geol.  Surv. ,  Washington,  D.C. 

Analyzes  future  economic  demand  for  water-based  recreation  in  the  United  States.   States 
that  recreationists  and  industry  should  compete  equally  for  use  of  water.   Relates  factors 
of  water  quality  and  access  problems  to  recreational  use  of  water  resources. 

47.  Painter,  Bill.   1976.   Understanding  the  Wild  and  Scenic  Rivers  Act.   Environmental 

Comment,  June  1976.   p.  2-4.   Urban  Land  Institute. 

Briefly  describes  provisions  in  the  National  Wild  and  Scenic  Rivers  Act  of  1968  to  protect 

free-flowing  rivers.   Notes  that  the  primary  aim  of  the  National  Wild  and  Scenic  Rivers 
System  is  to  maintain  the  status  quo  along  designated  rivers. 

48.  Parry,  B.  Thomas,  and  Richard  B.  Norgaard.   1975.   Wasting  a  river.   Environmentalist 
17(l):17-20,  25-27. 

Criticizes  the  objectivity  of  the  economic  assessment  made  for  the  New  Melones  Dam  on  the 
Stanislaus  River  in  California.   Gives  a  brief  legal  history  of  the  dam  controversy. 

Compares  and  analyzes  Army  Corps  of  Engineers  benefit  cost  estimates  with  authors'  own 
estimates.   Notes  lack  of  quantification  of  adverse  environmental  impacts  in  Corps'  analy- 

sis and  concludes  Corps'  overestimated  benefits  and  underestimated  costs  of  the  project. 

49.  Peters,  Clay  E.   1975.   A  national  systems  of  wild  and  scenic  rivers.   Naturalist 

26(1):28-31. 

Briefly  traces  the  history  of  the  National  Wild  and  Scenic  Rivers  Act  of  1968:  rationale 
for  such  a  river  system,  processes  that  add  new  rivers  to  the  federal  system,  types  of 
river  classification  possible  (wild,  scenic,  or  recreational),  and  various  management 
efforts  to  preserve  rivers  (zoning,  conservation,  scenic  easements,  etc.). 

50.  Pfister,  Robert  E.   1975.   Protection  of  free  flowing  rivers.  In   Water  Resources 

Policy  Issues — 1975.   p.  63-72.   Water  Resour.  Res.  Inst.,  Oregon  State  Univ., 
Corvallis,  Oregon. 

Examines  the  federal  legislative  mandate  to  protect  free-flowing  rivers  and  notes  challen- 
ges to  be  faced  in  implementing  the  policy.   Identifies  research  needs  for  wild  and  scenic 

rivers  such  as  the  attitudes  of  public  agency  personnel,  the  impacts  of  use  controls  on 
river  users  experiences,  and  the  methods  to  assess  intangible  benefits  of  river  experiences. 

51.  Priesnitz,  Michael.   1975.   The  rivers  that  run  on  borrowed  time.   Naturalist  26(1):7-12, 

Reviews  State  of  Minnesota  river  management  and  planning  procedures,  including  the  1973 
Minnesota  Wild  and  Scenic  Rivers  Act  that  was  aimed  at  preserving  rivers  for  recreation. 
Discusses  the  characteristics  and  potentials  of  the  Kettle  and  Mississippi  Rivers  as 

possible  additions  to  the  State's  wild  and  scenic  rivers  system — both  rivers  are  close  to 
the  St.  Paul-Minneapolis  metro  area  and  are  under  pressure  to  be  developed. 
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52.  River  Conservation  Fund.   1977.   Flowing  free:  a  citizen's  guide  for  protecting  wild and  scenic  rivers.   76  p.   River  Conserv.  Fund,  Washington,  D.C. 

Approaches  that  may  be  useful  in  river  preservation  are  presented.   The  National  Wild  and 
Scenic  Rivers  Act  is  discussed.   The  designation  process  is  explained,  classification 
criterion  and  objectives  are  presented,  and  the  present  status  of  the  System  is  detailed. 
State  Wild  and  Scenic  Rivers  programs  are  briefly  reviewed  and  a  list  of  State  contacts  is 
provided.   Examples  of  local  and  private  preservation  efforts  are  presented  as  are  processes 
that  may  be  useful  in  mobilizing  the  grassroots  support  needed  in  a  preservation  effort. 

53.  Royer,  Lawrence  E.,  Wm.  H.  Becker,  and  Richard  Schreyer,  eds.   1977.   Managing  Colorado 
River  Whitewater — the  carrying  capacity  strategy.   Inst,  for  the  Study  of  Outdoor  Recrea- 

tion and  Tourism,  Dep .  For.  and  Outdoor  Recreation,  Utah  State  Univ.,  Logan,  Utah. 

Includes  papers  by  managers  and  researchers  on  the  issue  of  carrying  capacity  of  Whitewater 
rivers  in  the  canyon  country  of  Utah.   Includes  articles  on  the  concept  and  meaning  of  pro- 

tected wildlands,  the  physical  resource  and  social  determinants  of  Whitewater  recreation, 
and  social  inputs  to  carrying  capacity  decisions. 

54.  Schreyer,  Richard.   1976.   Behavioral  research  on  Whitewater  rivers.   Utah  Tourism  and 
Recreation  Rev.  5(1): 1-5. 

Discusses  the  development  of  a  behavioral  information  data-bank  to  aid  recreation  managers 
who  are  responsible  for  Whitewater  rivers.   Behavioral  information  needed  about  users  is: 
(1)  who  are  they,  (2)  where  do  they  come  from  (mentally  and  geographically),  and  (3)  what 
do  they  want?   This  information  would:  (1)  identify  the  kinds  of  experiences  users  want, 
(2)  allow  managers  to  receive  direct  feedback  on  special  actions,  and  (3)  help  managers 

"to  see"  the  people  using  the  resource  instead  of  just  using  "visitor  days"  and  "camper 
nights"  to  describe  them. 

55.  Simmons,  Robert  M.   1977.   Legal  aspects  of  river  recreation  management  in  the  West. 
In   River  recreation  management  and  research  Symp.  Proc .   USDA  For.  Serv.  Gen.  Tech. 

Rep.  NC-28,  p.  32-37.   North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Analyzes  the  levels  of  law  the  river  manager  should  be  familiar  with;  emphasis  is  on  the 

recent  Federal  statutes  affecting  the  use  of  the  Nation's  waterways.   Also  analyzes  the 
effects  of  determining:  (1)  the  navigability  of  a  waterway,  (2)  the  importance  of  the 
reservation  doctrine,  and  (3)  the  effect  of  existing  and  future  appropriations  on  river 
recreation  management. 

56.  Sumner,  David.   1975.   Will  the  Dolores  live  up  to  its  name?   Sierra  Club  Bull.  60(7) :4-5. 

Chronicles  the  gradual  deterioration  of  the  Dolores  River  in  southwestern  Colorado.   Notes 
diversity  of  ecological  realms  along  the  river  and  describes  a  river  trip  from  Cahone  and 
Bedrock  to  the  Colorado  River  in  Utah.   Urges  preservation  of  the  river  in  the  National  Wild 
and  Scenic  Rivers  System. 

57.  Sumner,  David.   1976.   Wild  rivers,  flowing  free.   Nat.  Wildl.  14  (4): 20-27. 

Documents  the  problems  involved  in  preserving  six  of  the  rivers  that  are  either  included  in 
the  National  Wild  and  Scenic  Rivers  System  or  are  being  studied  to  be  included.   Discusses 
controversial  issues  and  problems  involved  in  preserving  the  areas  yet  managing  them  for 
various  types  of  activities. 

58.  Tarlock,  Dan  A.   1967.   Preservation  of  scenic  rivers.   Kentucky  Law  J.  55(4) : 745-798. 

Suggests  that  preserving  free-flowing  water  is  a  public  value  that  should  be  considered  in 

water  resources  planning  decisions.   Offers  methods  of  incorporating  these  values  into  the 

decision-making  process.   States  that  at  present,  preservation  is  a  value  secondary  to 

development  and  that  existing  laws  favor  short  term  uses  of  water  (power  generation,  flood 

control,  and  irrigation)  over  long  term  uses.   Maintains  that  technology  will  continue  to 

increase  leisure  time  and  that  preserving  some  of  the  remaining  unharnessed  stretches  of 
rivers  will  help  sustain  important  recreational  opportunities. 
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59.  Thompson,  Glenn.   1976.   Lucky  river:  the  Little  Miami.   Environmental  Comment,  June 

1976.   p.  13-16.   Urban  Land  Inst. 

Briefly  discusses  the  historical  significance  of  the  Little  Miami  River  in  southwest  Ohio. 

Describes  the  processes  that  a  nonprofit  organization,  Little  Miami,  Inc.,  undertook  to  rally 
support  for  protection  of  the  River.   Provides  examples  of  accomplishments  by  the  organization] 
individuals,  and  public  agencies  to  protect  the  River. 

60.  Tippy,  Roger.   1968.   Preservation  values  in  river  basin  planning.   Nat.  Resour.  J. 

8(2):259-278. 

Three  values  are  identified  as  reasons  for  preserving  streams:  recreation,  fish,  and  a  set  of 
intangibles  such  as  wilderness,  natural  beauty,  and  historic  and  scientific  values.   Major 
development  values  of  rivers  are:  agricultural  and  domestic  consumption,  flood  control, 

navigation,  hydroelectric  power,  dams,  and  soil  conservation.   Conflicts  between  preservation- 
ists and  developers  often  occur  thereby  establishing  a  need  for  comprehensive  river  basin 

planning.   Ideally  planners  should  either  present  decision-makers  with  a  choice  of  alterna- 
tives for  a  given  river  or  a  single  answer  that  does  not  dissatisfy  one  interest  group  more 

than  another.   The  comprehensive  planning  program  for  the  Upper  Missouri  River  basin  could 
guide  other  river  basin  planning  efforts. 

61.  Turner,  Robert  C.  1974.  The  preservation  of  rivers  as  wild  and  scenic.  In  Environ- 
mental planning:  law  of  land  and  resources,  p.  8.1-8.16.  Arnold  W.  Reitze,  Jr.,  ed . 

North  Am.  Interntl.,  Washington,  D.C. 

Presents  a  brief  history  of  the  Wild  and  Scenic  Rivers  Act.   Comments  on  the  procedures 
followed  to  preserve  rivers  under  the  Act  and  the  management  guidelines  followed  to  protect 
both  the  river  and  its  corridor.   Riverways  that  are  protected  by  other  Federal  legislation, 
such  as  the  Jacks  Fork  and  Current  Rivers  in  the  Missouri  Ozarks  and  the  Buffalo  River  in 

Arkansas,  are  also  mentioned.   The  effectiveness  of  measures  used  to  protect  these  rivers 
are  briefly  compared  with  measures  used  to  protect  rivers  under  the  Wild  and  Scenic  Rivers 
Act.   State  scenic  river  programs  as  they  relate  to  eligibility  requirements  for  Federal 
land  and  water  conservation  funds  are  discussed  also. 

62.  U.S.  Department  of  Interior,  Bureau  of  Outdoor  Recreation.   1970.   National  symposium 

on  wild,  scenic  and  recreational  waterways:  proceedings.   September  10-12,  1970.   209  p. 
St.  Paul,  Minnesota. 

A  collection  of  papers  that  reviews  the  Wild  and  Scenic  Rivers  Act  of  1968,  answers  the  most 
frequently  asked  questions  regarding  the  Wild  and  Scenic  Rivers  System,  discusses  complementary 
State  river  programs,  and  outlines  methods  for  implementing  the  various  rivers  programs. 

63.  U.S.  Department  of  Interior,  Bureau  of  Outdoor  Recreation.   1976.   Northeast  regional 

states  scenic  rivers  planning  workshop.   Summary  of  Proceedings.   May  25-27,  1976. 
Rexford,  Pennsylvania.   117  p. 

Summarizes  the  discussions  of  State  and  Federal  resource  administrators  responsible  for  river 
planning  and  management  in  the  Northeast.   Important  topics  discussed  were:  (1)  the  river 
study  process;  (2)  the  river  designation  process;  (3)  the  development  of  a  river  management 
plan  and  implementation  process;  and  (4)  status  of  the  National  and  Wild  Scenic  River  System 

64.  U.S.  Department  of  Interior,  Bureau  of  Outdoor  Recreation.  1977.  Outdoor  recreation 
action:  wild  and  scenic  river.   43:1-48. 

Discusses  America's  wild  and  scenic  rivers  and  efforts  to  protect  and  preserve  them.   Articles 
feature:  a  status  report  on  river  preservation  and  recreation  programs;  a  summarization  of 
various  State  stream  protection  programs  (key  contacts  in  State  government  charged  with  river 
protection  are  listed);  a  review  of  Federal  Wild  and  Scenic  River  protection  efforts;  and  a 
summary  of  the  River  Recreation  Management  and  Research  Symposium  held  in  Minneapolis  in 
January  1977. 
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65.  U.S.  Department  of  Interior,  Fish  and  Wildlife  Service.   1975.   Proceedings  of  the 
National  wetland  classification  and  inventory  workshop.   July  20-23,  1975.   College 
Park,  Maryland.   248  p.  &  addendum.   Washington,  D.C. 

Contains  overviews  of  current  wetland  classifications  and  inventories  in  the  United  States 

and  Canada  by  various  public  agencies  (both  State  and  Federal)  and  private  organizations. 
Workshop  session  discussions  are  provided.   Appended  section  incorporates  many  suggestions 
that  emanated  from  the  workshops. 

66.  U.S.  Senate  Select  Committee  on  National  Water  Resources.   1960.   Water  resources 

activities  in  the  United  States;  water  recreation  needs  in  the  United  States,  1960-2000. 
Comm.  Print  17,  86th  Congr.  2d.  Sess.   Gov.  Print.  Off.,  Washington,  D.C. 

Covers  such  topics  as  the  rapidly  increasing  use  of  water-based  areas,  problems  of  intensive 
use  and  crowding,  planning  for  additional  areas,  public  water  supply  legislation,  and  inade- 

quate criteria  for  estimating  future  water-based  recreation  needs.   Contains  17  recommenda- 
tions by  the  National  Park  Service  regarding  Federal  objectives  for  water-related  recreation 

areas.   An  Appendix  contains  recommendations  for  general  policy  by  the  Committee. 

67.  Utter,  Jack  G. ,  and  John  D.  Schultz.   1976.   A  handbook  on  the  Wild  and  Scenic  Rivers 
Act.   44  p.   Sch.  For.,  Univ.  Montana,  Missoula,  Montana. 

Booklet  is  divided  into  four  parts:  (1)  text  of  the  Act,  (2)  section-by-section  review  of 
the  Act,  (3)  texts  of  legislation  enacted  by  Congress  since  the  Act  passed  that  pertain 
directly  to  the  Act,  and  (4)  Federal  regulations  and  the  Wild  and  Scenic  Rivers  Act. 
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3 
INVENTORY  AND  CLASSIFICATION  METHODS 

(Also  see  reference  numbers  31,  34,  38,  65) 

68.  Arighi,  Scott,  and  Margaret  S.  Arighi.   1974.   Wildwater  touring.   334  p.   MacMillan 
Co.,  Inc.,  New  York,  New  York. 

Contains  a  section  on  a  method  for  classifying  rivers  as  to  the  difficulty  the  river  user 
experiences  while  attempting  to  navigate  the  river.   Difficulty  ratings  are  also  defined  by 
the  type  of  water  craft  used  to  float  a  river. 

69.  Aukerman,  Robert,  and  George  Chesley.   1971.   Classifying  water  bodies:   feasibility 
and  recommendations  for  classifying  water.   123  p.   Final  Report,  Dep.  Recreation 
Resour.  Colorado  State  Univ.,  Ft.  Collins,  Colorado. 

Determines  the  feasibility  of  classifying  water  bodies  and  segments  of  water  bodies  by 
potential  use.   Identifies  criteria  for  a  water  classification  system  and  evaluates 
existing  natural  resource  classification  systems.   Finds  that  satisfactory  classification 
by  potential  optimum  use  requires  a  comprehensive  planning  process  that  identifies  conflicts 

and  is  basically  a  decision-making  system. 

70.  Bauman,  Eric  Hans.   1976.   A  method  for  assessing  river  recreation  potential.   M.A. 
thesis.   Dep.  Geogr.,  Michigan  State  Univ.,  East  Lansing,  Michigan.   188  p. 

Develops  an  objective  method  to  evaluate  the  recreational  potential  of  riparian  corridors 

and  to  inventory  existing  river  characteristics.   Sixty-seven  variables  in  eight  categor- 
ies were  evaluated  along  river  segments  of  the  Pine,  Manistee,  and  Looking  Glass  Rivers  in 

Michigan.   Each  variable  was  ranked  for  16  recreation  activities.   A  literature  review  of 
techniques  for  assessing  recreation  values  is  included. 

71.  Borden,  Yates  F.,  Brian  J.  Turner,  and  Charles  H.  Strauss.   1977.   Colorado  River 
campsite  inventory.  In   River  recreation  management  and  research  Symp.  Proc.   USDA 

For.  Serv.  Gen.  Tech.  Rep.  NC-28,  p.  226-231.   North  Cent.  For.  Exp.  Stn. ,  St.  Paul, 
Minnesota. 

Shoreline  beaches  along  the  Colorado  River  in  the  Grand  Canyon  are  regularly  used  by  river- 
running  parties  as  overnight  campsites.   The  availability  of  campsites  in  river  sections 
where  they  are  scarce,  small,  or  both,  limits  the  number  and  size  of  parties  that  can  be 

permitted  without  risking  unacceptable  environmental  degradation.   Therefore,  a  comprehen- 
sive inventory  of  usable  campsites  was  made  and  it  revealed  that  345  campsites  are  avail- 
able for  overnight  camping  by  river-running  parties. 

72.  Calvin,  James  S.,  John  A.  Dearinger,  and  Mary  Ellen  Curtis,   1972.   An  attempt  at 

assessing  preferences  for  natural  landscape.   Environ.  Behav.  4(4) :447-470. 

Two  samples  of  college  students  were  asked  to  judge  15  different  views  of  natural  scenery 
on  each  of  21  different  scales.   Results  suggest  that  there  may  be  two  major  dimensions 
people  use  in  subjective  assessments  of  natural  scenery:  natural  scenic  beauty  and  natural 

force-natural  tranquility.   Scenic  beauty  moves  along  scale  dimensions  from  beautiful  to 
ugly.   Natural  force  scenes  are  judged  as  being  turbulent,  loud,  rugged,  and  complex;  and 
natural  tranquility  scenes  are  tranquil,  hushed,  delicate,  and  simple. 

73.  Carlson,  J.  E.,  D.  L.  Grant,  E.  L.  Michalson,  J.  H.  Mulligan,  and  J.  K.  Van  Leuven. 
1976.   Developing  criteria  to  classify  wild  and  scenic  rivers.   Res.  Tech.  Completion 
Rep.  117  p.   Idaho  Water  Resour.  Res.  Inst.,  Univ.  Idaho,  Moscov/,  Idaho. 

Presents  a  multidisciplinary  effort  to  develop  river  classification  alternatives.   Physical, 
economic,  and  community  density  factors  were  each  given  a  numerical  value  on  six  natural 
river  stretches  along  the  Priest  River  and  Priest  Lake  in  Idaho.   The  values  were  then 
used  to  compare  the  suitability  of  each  of  the  stretches  with  the  3  classification  criteria 
(wild,  scenic,  recreational)  specified  under  the  National  Wild  and  Scenic  Rivers  Act. 
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74.  Cherem,  Gabriel  J.,  and  David  E.  Traweek.   1977.   Visitor  employed  photography:  a  tool 
for  interpretive  planning  on  river  environments.  In   River  recreation  management  and 
research  Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28,  p.  236-244.   North  Cent. 
For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

The  methodology  of  visitor  employed  photography  (VEP)  is  explained  as  a  device  to  inventory 
public  perception  of  natural  environments.   A  VEP  study  on  the  Huron  River  in  Michigan  is 
summarized  and  the  use  of  VEP  findings  in  the  development  of  interpretive  services  and 
programs  for  river  environments  is  discussed. 

75.  Chubb,  Michael.   1977.   River  recreation  potential  assessment:  a  progress  report. 
In   River  recreation  management  and  research  Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech. 
Rep.  NC-28,  p.  83-90.   North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

In  the  past  most  river  recreation  was  managed  from  the  viewpoint  of  rectangular  land  areas 
rather  than  complete  river  systems.   Managing  from  a  river-oriented  viewpoint  gained  momen- 

tum with  the  passage  of  the  Federal  Wild  and  Scenic  Rivers  Act,  but  no  widely  adopted  method 
of  assessing  river  recreation  potential  has  yet  been  developed.   Several  approaches  to 
potential  assessment  are  summarized.   The  RIVERS  Method  involves  assessing  67  variables  for 
each  mile  of  river  and  evaluating  the  potential  for  16  recreational  activities. 

76.  Chubb,  Michael,  and  Eric  H.  Bauman.   1977.   Assessing  the  recreation  potential  of 
rivers.   J.  Soil  and  Water  Conserv.  32(2) :97-102. 

Although  many  ways  of  assessing  river  recreation  potential  have  been  suggested,  no  univer- 
sally applicable  method  has  been  devised.   The  RIVERS  Method,  currently  under  development 

for  the  USDA  Forest  Service,  attempts  to  evaluate  and  compare  the  potential  of  all  types 
of  rivers  for  recreation  activities. 

77.  Coomber,  Nicholas  H.,  and  Asit  K.  Biswas.   1973.   Evaluation  of  environmental 
intangibles.   74  p.   Genera  Press,  Bronxville,  New  York. 

Reviews  the  state  of  the  art  of  evaluating  intangible  benefits  and  costs  associated  with 

the  use  of  the  environment.   Cites  Leopold's  inventory  technique  to  assess  environmental 
quality  of  rivers  as  being  more  illustrative  rather  than  analytic.   Distinguishes  between 
two  types  of  classification  techniques:  monetary  evaluations  of  environmental  intangibles 
and  nonmonetary  evaluations  of  the  physical  environment. 

78.  Craighead,  Frank  C,  Jr.,  and  John  J.  Craighead.  1965.  River  systems-recreational 
classification,  inventory  and  evaluation.  Naturalist  16(3): 33-43.  (Reprinted  from 
Naturalist  13(2),  1962.) 

Proposes  a  method  to  inventory  and  evaluate  river  recreation  resources  based  on  size, 
condition,  and  recreation  use  of  the  rivers.   Delineates  four  classes  of  rivers:  wild, 
semiwild,  semiharnessed/developed,  and  harnessed/developed, 

79.  Dearinger,  John  A.   1968.   Aesthetic  and  recreational  potential  of  small  naturalistic 
streams  near  urban  areas.   Res,  Rep.  13,  260  p.   Water  Resour.  Res.  Inst.,  Univ, 
Kentucky,  Lexington,  Kentucky. 

A  method  was  developed  to  evaluate  aesthetic  and  recreational  potential  of  streams  and 

watersheds  based  on  previous  work  by  the  U.S.  Soil  Conservation  Service  and  on  the  princi- 
ples of  terrain  analysis,  land  use  planning,  and  outdoor  recreation  economics.   Evaluations 

of  stream  recreation  potential  for  activities  such  as  camping,  fishing,  and  hiking  were 
made.   Concludes  that  aesthetic  and  recreational  values  can  be  identified,  inventoried, 

and  used  to  evaluate  a  watershed's  development  potential;  and  that  accurate  estimates  of 
participation  demand,  acreage  requirements  for  various  activities,  and  benefits  gained 
(by  both  users  and  developers)  from  recreational  developments  can  be  projected. 
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80.  Dearinger,  John  A.,  and  George  M.  Woolwine.   1971.  Measuring  the  intangible  values  of 

natural  streams:  Part  I — applications  of  the  uniqueness  concept.   Res,  Rep.  40,  86  p. 
Water  Resour.  Res.  Inst.,  Univ.  Kentucky,  Lexington,  Kentucky. 

Applies  Leopold's  river  inventory  system  for  uniqueness  to  58  natural  streams  in  Kentucky. 
Concludes  that  the  concept  is  useful  to  evaluate  the  uniqueness  of  a  group  of  streams. 

Encourages  further  integration  of  the  uniqueness  concept  into  benefit-cost  analysis  and 
makes  specific  recommendations  for  further  research. 

81.  Dearinger,  John  A.,  George  M.  Woolwine,  Charles  R.  Scroggin,  D.  Daland,  and  J.  Calvin. 

1973.  Measuring  the  intangible  values  of  natural  streams:  Part  II — preference  studies 
and  completion  report.  Water  Resour.  Res.  Inst.  Res.  Pap.  66,  206  p.  Univ.  Kentucky, 
Lexington,  Kentucky. 

A  method  that  utilizes  color  slides  and  a  semantic  differential  rating  scheme  was  developed 

to  measure  people's  preferences  for  natural  landscapes.   Concludes  that:  scenes  with  running 
water  are  preferred  over  scenes  with  still  or  no  water;  stark  beauty  of  a  desert,  lava  flow, 
or  winter  pasture  is  not  perceived  as  beauty  by  most  people;  some  types  of  visual  pollution 
(i.e.,  billboards)  are  not  recognized  as  such  by  many  people;  occupation  and  lifestyle  have 

more  of  an  effect  on  an  individual's  concept  of  natural  beauty  than  does  age  or  sex;  and 
people  generally  agree  on  what  is  very  beautiful  or  very  ugly  but  not  on  the  in-between. 

82.  deBettencourt ,  James,  and  George  L.  Peterson.   1977.   Standards  of  environmental  quality 
for  recreational  evaluation  of  rivers.  In   River  recreation  management  and  research  Symp. 

Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28,  p.  245-255.   North  Cent.  For.  Exp.  Stn. , 
St.  Paul,  Minnesota. 

Explores  the  possibility  of  developing  criteria  and  standards  based  upon  the  individual  and 
groups  threshold  functions  by  which  alternative  river  recreation  sites  are  accepted  or  rejected 

Explains  experimental  procedures  used  to  develop  the  threshold  functions.   Presents  illustra- 
tive results  of  pilot  studies.   Suggests  applications  and  needs  for  further  research. 

83.  Dyer,  A.  Allen.   1969.   Recreation  site  selection:  a  conceptual  approach.   23  p.   Inst. 
Study  Outdoor  Recreation  Tourism,  Utah  State  Univ.,  Logan,  Utah. 

Proposes  formulating  a  computerized  recreation  land  model  that  would  incorporate  consumer 
preferences  in  selecting  recreation  sites  for  development.   The  data  base  for  the  model 
would  rest  on  physical  characteristics  of  the  proposed  site.   Two  types  of  data  are  needed 
to  operate  the  model:  an  assessment  of  environmental  characteristics  required  for  several 
activities  and  an  inventory  of  land  characteristics  pertinent  to  site  quality.   Three  groups 
of  recreational  activities  are  identified:  water  based,  land  based,  and  winter. 

84.  Frissell,  Sidney  S.,  Jr.,  and  Donald  P.  Duncan.   1965.   Campsite  preference  and 

deterioration.   J.  For.  63(4) :256-260. 

Describes  research  undertaken  in  the  Quetico-Superlor  canoe  country  of  Minnesota  and  Ontario 
to  determine  (a)  preferences  of  canoeists  for  campsites,  (b)  character  and  degree  of  campsite 
deterioration,  and  (c)  feasibility  of  developing  prediction  equations  for  campsite  durability. 
Regression  analyses  were  used  to  develop  an  equation  for  the  prediction  of  the  durability 
of  alternative  sites  that  might  be  developed  in  the  future  to  disperse  camping  use. 

85.  Gilchrist,  Martin  C.   1971.   Strategies  for  preserving  scenic  rivers:  the  Maryland 

experience.   Landscape  Archit.  62(1): 35-42. 

Describes  procedures  to  evaluate  Maryland  rivers  for  potential  scenic  river  protection. 
Criteria  for  protection  include  physical,  biological,  and  human  conditions  along  a  river 
and  its  corridor. 
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86.  Gunn,  Clare  A.,  John  W.  Hanna,  Arthur  J.  Parenzin,  and  Fred  M.  Blumberg.   1974. 
Development  of  criteria  for  evaluating  urban  river  settings  for  tourism-recreation 
use.   Texas  Water  Resour.  Inst.,  Tech.  Rep.  56,  98  p.   Texas  A&M  Univ.,  College 
Station,  Texas. 

Develops  criteria  to  enable  cities  to  evaluate  the  potential  for  business-recreation  develop- 
ment along  downtown  waterfront  locations.   Suggests  that  development  will  stimulate  revival 

of  downtown  areas  and  will  allow  diverse  interests  to  coordinate  leadership  on  resource 
management.   Examples  of  waterfront  redevelopment  in  various  American  cities  are  presented. 

87.  Hamill,  Louis.  1974.  Statistical  test  of  Leopold's  system  for  quantifying  aesthetic 
factors  among  rivers.   Water  Resour.  Res.  10(3) : 395-401. 

Criticizes  Leopold's  inventory  method  to  quantify  the  aesthetic  factors  of  rivers.   Statis- 
tical tests  show  small  correlation  between  uniqueness  ratios  in  Leopold's  method  and  other 

rating  methods.   Anomalies  were  also  found  in  graphic  derivation  of  Leopold's  technique. 
Suggests  that  a  number-ranking  system  would  be  a  more  efficient  evaluation  tool. 

88.  Hamill,  Louis.   1975.   Analysis  of  Leopold's  quantitative  comparisons  of  landscape 
aesthetics.   J.  Leisure  Res.  7(l):16-28. 

In  1969  Luna  B.  Leopold  published  a  system  for  quantitatively  comparing  landscape  aesthetics. 
This  system  had  several  features  such  as  the  uniqueness  ratios  and  distinctive  graphical 

procedures  for  deriving  river  and  valley  character.   An  examination  of  Leopold's  checklist 
for  landscape  factors  reveals  that  the  system  for  rating  each  factor  is  inconsistent. 
Inconsistency  is  justified  as  not  introducing  bias  and  personal  preferences  into  the 

analysis.   The  use  of  uniqueness  ratios  appears  to  have  been  required  in  order  to  acconuno- 
date  the  inconsistent  scaling  of  factors  to  numerical  analysis.   The  addition  of  uniqueness 
ratios  produces  difficulties  of  comprehension  and  interpretation.   The  graphical  procedures 
use  a  small  amount  of  information  and  complex  graphical  techniques  to  produce  scales  of 
river  and  valley  character.   Analysis  of  the  system  suggested  that  consistent  rating  of 
environmental  factors  and  the  addition  of  factor  scalings  might  have  produced  comparable 
results  more  effectively. 

89.  Hamill,  Louis.  1977.  Methods  used  for  evaluating  recreational  rivers  in  Canada.  In 
River  recreation  management  and  research  Symp.  Proc.  USDA  For.  Serv.  Gen.  Tech.  Rep. 

NC-28,  p.  273-278.   North  Cent.  For.  Exp.  Stn. ,  St.  Paul,  Minnesota. 

Reviews  techniques  for  describing  and  evaluating  recreational  rivers  in  Canada.   Considers 
methods  developed  and/or  tested  in  Canada  and  methods  developed  elsewhere  that  have  been 
applied  in  Canada. 

90.  Hammon,  Gordon  A.,  Harold  K.  Cordell,  Lewis  W.  Moncrief,  M.  Roger  Warren,  Richard  A. 

Crysdale,  and  John  Graham.   1974.   Capacity  of  water-based  recreation  systems  Part  II: 
a  systems  approach  to  capacity  analysis.   Water  Resour.  Res.  Inst.  Rep.  90,  46  p. 
North  Carolina  State  Univ.,  Raleigh,  North  Carolina. 

Develops  methods,  models,  and  guidelines  useful  to  managers  who  are  interested  in  measuring 

or  predicting  the  recreational  output  of  lakes.  Presents  several  explanatory  models  repre- 
senting individual  and  group  behavior  of  pleasure  boaters. 

91.  Herbst,  John  R.   1972.   Report  of  forest  subprojects:  a  methodology  study  to  develop 
evaluation  criteria  for  wild  and  scenic  rivers.   52  p.   VJater  Resour.  Res.  Inst., 
Univ.  Idaho,  Moscow,  Idaho. 

Presents  a  timber  inventory  of  the  Salmon  River  basin  to  determine  the  impact  that  the 

wild  and  scenic  river  classification  would  have  on  timber  harvesting  activities  in  the 

area.   Notes  that  timber-market  boundaries  rather  than  geographic  boundaries  are  more 

relevant  when  examining  and  comparing  the  effects  river  classification  would  have  on  the 

timber  industry.   Concludes  designation  in  the  National  Wild  and  Scenic  River  System  would 
have  little  effect  on  timber  harvesting  activities. 
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92.  Herbst,  John  R.  1973.  Report  of  range  subproject:  a  methodology  study  to  develop 
evaluation  criteria  for  wild  and  scenic  rivers.  Scenic  Rivers  Study  Rep.  3,  49  p. 
Water  Resour.  Res.  Inst.,  Univ.  Idaho,  Moscow,  Idaho. 

Discusses  the  importance  of  grazing  in  the  Salmon  River  basin  and  the  effects  Federal  wild 
and  scenic  river  designation  might  have.   Develops  an  evaluation  method  to  determine  the 
impact  of  designation  on  grazing  and  concludes  that  little  conflict  would  exist. 

93.  Herrington,  Roscoe  B. ,  and  S.  Ross  Tocher.   1967.   Aerial  photo  techniques  for  a 

recreation  inventory  of  mountain  lakes  and  streams.   USDA  For.  Serv.  Res.  Pap.  INT-37, 
21  p.   Intermt.  For.  Range  Exp.  Stn. ,  Ogden,  Utah. 

Describes  the  results  of  aerial  photo  techniques  tested  on  the  north  slope  of  the  Uinta 
Mountains  in  Utah  to  measure  physical  characteristics  of  mountain  lakes  and  streams.   Compares 

the  accuracy  of  photo  determination  with  field  measurements  of  lake  depth.   Describes  proce- 
dures for  all-photo  measurements  in  the  inventory.   Concludes  that  a  substantial  amount  of 

descriptive  data  can  be  obtained  from  aerial  photos. 

94.  Hooper,  R.  A.   1977.   Assessing  the  recreational  potential  of  waterways:  a  description 

and  evaluation  of  selected  systems.   Res.  Pap.  77-1,  51  p.   Navigable  Mt .  Rivers  Study, 
Nat.  Hist.  Res.  Div.,  Parks  Canada,  Western  Region,  Calgary,  Alberta. 

Describes  and  evaluates  systems  suitable  for  measuring  the  recreational  potential  of  water- 
ways— particularly  canoeing,  kayaking,  rafting,  and  activities  associated  with  these  forms 

of  recreational  boating.   These  systems  were  tested  on  the  Gammon  River  in  Manitoba  in  1974. 

95.  Hooper,  R.  A.   1977.   A  guide  to  the  nature  of  mountain  rivers  and  Whitewater.   Res.  Pap, 

77-2,  31  p.   Navigable  Mt.  Rivers  Study,  Nat.  Hist.  Res.  Div.,  Parks  Canada,  Western 
Region,  Calgary,  Alberta. 

Acquaints  the  reader  with  some  aspects  of  mountain  river  hydrology,  channel  morphology,  and 
the  hydraulic  principles  affecting  Whitewater  features.   Also,  briefly  discusses  a  system 
developed  to  rate  the  paddling  difficulty  of  Whitewater. 

96.  Hooper,  R.  A.   1977.   A  system  to  inventory  and  evaluate  mountain  rivers  for  canoeing 

and  kayaking:  a  basis  for  the  determination  of  recreational  potential.   Res.  Pap.  77-3, 
70  p.   Navigable  Mt.  Rivers  Study,  Nat.  Hist.  Res.  Div.,  Parks  Canada,  Western  Region, 
Calgary,  Alberta. 

Outlines  the  steps  taken  to  determine  the  recreational  potential  of  several  Canadian  mountain 

rivers.   First,  a  detailed  inventory  and  evaluation  of  the  rivers  was  completed.   Then,  manage- 
ment and  operational  guidelines  pertaining  to  canoeing,  kayaking,  and  rafting  were  developed. 

General  management  concerns  included:  requiring  registration  systems,  establishing  public 

safety  programs,  establishing  recreational  carrying  capacity  limits  and  procedures,  estab- 
lishing restrictions  and  guidelines  for  on-shore  activities  related  to  boating,  and  assessing 

public  information  requirements.   Also  river  users  should  be  surveyed  to  help  develop  the 
management  plans.   A  questionnaire  used  for  this  purpose  on  Canadian  rivers  is  presented. 

97.  Juurand,  Priidu.   1972.   Summary  report  on  the  wild  rivers  survey,  Yukon  Territory, 

1971.   25  p.   Can.  Dep..  Indian  Aff.  North  Dev.,  Natl.  Hist.  Parks  Branch,  Plann.  Dev.  , 
Ottawa,  Canada. 

Suimnarizes  a  wild  rivers  survey  conducted  in  the  Yukon  Territory  during  the  summer  of  1971. 

Information  was  collected  to  test  methods  (such  as  Leopold's  uniqueness  ratio)  for  ranking 
rivers  for  inclusion  in  a  system  of  wild  rivers.   Subjective  analysis  of  each  study  river 

was  conducted  and  the  results  are  summarized.   Recommends  inclusion  of  the  Yukon  and  Ogilvie- 
Peel  Rivers  in  a  Canadian  wild  and  scenic  rivers  system. I 
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98.  Juurand,  Priidu.   1972.   Wild  rivers  survey  1971:  quantitative  comparison  of  river  land- 
scapes.  Spec.  Rep.  72-1,  29  p.   Can.  Dep.  Indian  Aff.  North  Dev.,  Natl.  Hist.  Parks Branch,  Plann.  Div. ,  Ottawa,  Canada. 

Reviews  wild  river  evaluation  techniques  and  selects  a  modified  version  of  Leopold's  inven- 
tory method  to  use  in  collecting  data  on  Canadian  rivers.   Recommends  that  historical,  geo- 

logical, biological,  and  recreational  capability  information  be  added  to  the  inventory  tech- 
nique.  Field  test  concludes  Lewes-Yukon  and  Ogilvie-Peel  Rivers  as  high-priority  considera- tions for  Canadian  wild  and  scenic  river  status. 

99.  Knudson,  Douglas  M.   1976.   A  system  for  evaluating  scenic  rivers.   Water  Resour. 
Bull.  12(2):281-289. 

Describes  a  system  for  evaluating  rivers  for  classification  in  State  programs.   The  system 
described  was  developed  for  Indiana  rivers.   Rivers  must  first  meet  minimum  standards  for 
naturalness  and  suitable  adjoining  land  areas.   Then  they  are  rated  on  bank  vegetation, 
stream  course  alterations,  man-made  structures  and  roads  near  and  across  the  river,  aesthetic 
quality  of  the  water,  and  special  natural  features.   Sample  rating  for  the  Tippecanoe  River 
is  included. 

100.  Kuska,  James  J.,  J.  S.  Edstrom,  and  M.  H.  Smithberg.   1974.   St.  Croix-Namekagon  River 
Resource  Inventory.   Agric.  Exp.  Stn.  Misc.  Rep.  122-1974,  23  p.   Univ.  Minnesota, 
St.  Paul,  Minnesota. 

Describes  a  method  used  to  categorize  resource  features  for  evaluation  of  recreation  site 
potential  along  the  St.  Croix  and  Namekagon  Rivers  in  Wisconsin  and  Minnesota.   Three  environ- 

mental factors  were  studied:  (1)  regional  characteristics  (geology,  topography,  soils,  vegeta- 
tion), (2)  river  criteria  (length,  gradient,  width,  rapids,  sinuosity,  island)  and  (3)  cultur- 

al features  (roads,  railroads,  towns,  residences).   The  optimum  location  for  developing  user 
facilities  can  be  determined  by  using  this  method. 

101.  Kuska,  James,  and  Vince  A.  Lamarra,  Jr.   1973.   Use  of  drainage  patterns  and  densities 
to  evaluate  large  scale  land  areas  for  resource  management.   J.  Environ.  Syst,  3(2):85-l00. 

A  6,800  square  mile  watershed  (St.  Croix  River,  Minnesota-Wisconsin)  was  studied  using  the 
pattern  analysis  technique.   Drainage  densities  were  correlated  with  soil  textures  and 
vegetation  and  inferences  were  made  about  the  innate  ecological  diversity  and  management 
potential  of  the  watershed.   The  information  gained  from  this  technique  should  aid  managers 
in  recognizing  the  diversified  nature  of  a  watershed  and  areas  within  it  that  are  best 
suited  for  road  building,  logging,  recreation  development,  and  wildlife  management. 

102.  Leopold,  Luna  B.   1962,   Rivers.   Am.  Sci.  50(4) :511-537 . 

Analyzes  the  hydrologic  cycle  and  the  river's  role  in  water  transfer.   Groups  river  charac- 
teristics into  three  broad  categories:  river  channel,  river  valley,  and  drainage  nets. 

Reviews  research  conducted  on  various  river  characteristics.   Lists  additional  areas  needing 
to  be  researched:  mechanics  of  sediment  transportation,  energy  dissipation  in  rivers  and  its 
effect  on  erosion  or  deposition,  and  methods  of  material  transport  from  slopes  into  river 
channels . 

103.  Leopold,  Luna  B.   1969.   Landscape  aesthetics.   Nat.  Hist.  78(8):36-45. 

Discusses  the  development  of  an  inventory  method  to  compare  the  aesthetic  uniqueness  of 

Hell's  Canyon  of  the  Snake  River  in  Idaho  with  11  other  river  valleys  in  Idaho. 

104.  Leopold,  Luna  B.   1969.   Quantitative  comparison  of  some  aesthetic  factors  among 
rivers.   USDI  Geol.  Surv.  Circ .  620,  16  p.   Washington,  D.C. 

Develops  a  quantitative  inventory  and  evaluation  technique  based  on  the  assumption  that  a 
unique  landscape  has  more  significance  than  a  common  one.   Defines  the  physical,  biological, 
and  cultural  characteristics  of  12  Idaho  rivers  and  4  National  Park  rivers  in  terms  of  46 

variables.   A  measure  of  uniqueness  is  derived  by  summing  the  calculated  ratios  for  each 
variable. 
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105.  Leopold,  Luna  B.,  and  Maura  O'Brien  Marchand.   1968.   On  the  quantitative  inventory  of 
the  river-scape.  Water  Resour.  Res.  4(4) :709-717 . 

Develops  a  way  to  quantify  the  presence  or  absence  of  factors  that  contribute  to  aesthetic 
values  of  a  river  landscape  as  expressed  by  a  uniqueness  ratio.   Discusses  inherent  diffi- 

culties in  such  research  but  suggests  that  the  techniques  can  be  a  valuable  procedure  in 

river-basin  planning. 

106.  Libby,  David.   1975.   The  recreational  potential  of  selected  rivers  in  New  Brunswick. 
78  p.   Plann.  Sect.,  Tech.  Serv.  Branch  Dep.  Tourism,  Fredericton,  New  Brunswick. 

Uniqueness  ratios  were  calculated  for  18  rivers  in  New  Brunswick  using  Leopold's  basic  concept- 
Rivers  were  ranked  on  quality,  aesthetic  appeal  and  human  interest  and  total  attractiveness. 
User  conflicts  related  to  recreation  canoeing  and  associated  activities  were  identified.   The 

river's  natural  attractiveness,  scope  of  significance,  average  canoeability ,  and  the  apparent 
likelihood  of  misuse  were  considered  and  each  of  these  factors  were  rated  and  summed. 

107.  Litton,  R.  Burton,  Jr.   1977.   River  landscape  quality  and  its  assessment.  In   River 

recreation  management  and  research  Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28, 
p.  46-54.   North  Cent.  For.  Exp.  Stn. ,  St.  Paul,  Minnesota. 

Illustrates  the  elements  of  visual  assessment  of  river  landscapes:  (1)  landforms,  (2)  vegeta- 
tion patterns,  (3)  water  presence  and  expression,  (4)  human  use  and  impacts,  and  (5)  other 

Influences.   Discusses  how  to  inventory  landscapes  at  large  and  small  scales  of  application, 
and  with  implications  of  planning  and  design  policies.   Points  up  problems  of  evaluating 

landscape  quality  using  criteria  such  as  aesthetics  applied  to  landscape,  professional  judg- 
ment, and  perceptual  studies. 

108.  MacConnell,  William  P.,  and  G.  Peter  Stoll.   1968.   Use  of  aerial  photographs  to  evalu- 
ate the  recreational  resources  of  the  Connecticut  River  in  Massachusetts.   Holdsworth 

Nat.  Resour.  Cent.  &  Exp.  Stn.,  Coll.  Agric.  Bull.  578,  65  p.   Univ.  Massachusetts, 
Amherst,  Massachusetts. 

Develops  and  tests  aerial  photographic  techniques  on  the  Connecticut  River  to  identify  and 

classify  river-oriented  recreation  sites.   Analyzes  two  sets  of  aerial  photos  for  land  uses 
and  development  trends.   Identifies  102  land  use  types,  and  presents  a  statistical  summary 
of  the  land  (by  political  unit)  for  analyzing  the  recreation  potential  of  the  River. 

109.  MacConnell,  William  P.,  and  H.  Ross  Pywell.   1969.   Use  of  aerial  photographs  to  evalu- 
ate the  recreational  resources  of  the  Connecticut  River  in  Connecticut.   Coll.  Agric. 

Exp.  Stn.,  Bull.  574,  73  p.   Univ.  Massachusetts,  Amherst,  Massachusetts. 

Develops  and  tests  aerial  photographic  techniques  for  identifying  and  classifying  river-based 
recreation  sites  on  the  Connecticut  River.  System  is  used  to  describe  and  to  note  changes  in 
vegetation  and  land  use  characteristics. 

110.  Melhorn,  Wilton  N.,  Edward  A.  Keller,  and  Richard  A.  McBane.   1975.   Landscape  aesthetics  i 
numerically  defined  (LAND  system):  application  to  fluvial  environments.   Tech.  Rep.  1, 
169  p.  Water  Resour.  Res.  Cent.,  Purdue  Univ.,  Lafayette,  Indiana. 

Develops  a  quantitative  method  for  objectively  assessing  aesthetic  values  in  a  fluvial  land- 
scape.  The  LAND  system  is  an  extension  of  Leopold's  river  inventory  scheme.   Five  evaluative 

indices  are  utilized  to  assess  environmental  beauty:  uniqueness,  aesthetic  value,  scenic 
beauty,  recreation  potential,  and  wildness.   Initial  testing  of  the  system  indicates  that 
participants  consistently  derive  similar  numerical  values  for  beauty  regardless  of  their 
educational  background. 

111.  Michalson,  Edgar  L.   1974.  Aesthetics  of  wild  and  scenic  rivers — a  methodology  approach. 
Scenic  Rivers  Study  Rep.  11,  139  p.   Water  Resour.  Res.  Inst.,  Univ.  Idaho,  Moscow,  Idaho. 

Study  focuses  on  two  tasks:  developing  a  method  to  evaluate  the  aesthetic  value  of  wild  and 

scenic  rivers  and  developing  demand  models  for  outdoor  recreation  to  estimate  how  much  recrea- 
tion demand  is  related  to  aesthetics.   Concludes  that  quantification  of  aesthetics  is  an 

imperfect  art  that  requires  more  research. 
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112.  Michalson,  Edgar  L.,  and  Joel  R.  Hamilton.   1973.   Summary  report  for  a  methodology 
study  to  develop  evaluation  criteria  for  wild  and  scenic  rivers.   Scenic  River  Study 
Rep.  10,  185  p.   Water  Resour.  Res.  Inst.,  Univ.  Idaho,  Moscow,  Idaho. 

Develops  a  method  for  river  evaluation  to  determine  which  rivers  should  be  included  in  the 
National  Wild  and  Scenic  River  System.   The  Salmon  River  basin  in  Idaho  was  selected  as  a 
test  case  for  the  method.   Study  concentrated  on  the  entire  river  basin  and  the  effects  wild 
and  scenic  river  classification  would  have  on  basin  resources.   Two  competing  river  resource 
uses  identified  were  hydropower  and  recreation.   Attempts  were  made  to  estimate  trade-offs  of 
hydropower  development  versus  recreation  in  the  Salmon  River  basin. 

113.  Michalson,  Edgar  L. ,  and  Joel  R.  Hamilton.   1975.   A  methodology  for  evaluating 
development-environmental  conflicts  on  wild  and  scenic  rivers.   Water  Resour.  Bull. 
11(6):1149-1156. 

The  Salmon  River  in  Idaho  is  used  as  an  example  in  formulating  a  three-step  process  for  ex- 
amining environment-development  conflicts.   The  process  involves:  (1)  inventorying  resources 

to  determine  areas  of  conflict  affecting  wild  and  scenic  river  status,  (2)  determining  through 
an  evaluation  process  which  resources  uses  are  viable  for  the  river,  and  (3)  comparing  various 
resource  uses  to  determine  their  economic  trade-off  values. 

114.  Morisawa,  Marie.   1970.   Evaluating  riverscapes.  In   Environmental  geomorphology . 

p.  91-106.   Donald  R.  Coates,  ed.   State  Univ.  New  York,  Binghamton,  New  York. 

Discusses  a  process  to  rank  the  intangible  values  of  a  riverscape.   Reviews  research  in 

analyzing  aesthetics  and  in  quantitatively  evaluating  scenic  beauty.   Relates  the  pleasura- 
ble feelings  of  the  observer  in  the  environment  to  art  criteria  (i.e.,  arrangement  of  lines, 

mass,  color,  and  space).   Encourages  research  in  methodology  to  predict  user  preferences  so 
that  riverscapes  with  outstanding  scenic  value  may  be  preserved. 

115.  Morisawa,  Marie.   1971.   Evaluation  of  natural  river  environments.   Phase  II,  Final 
Rep.,  114  p.   USDI  Water  Resour.  Res.   State  Univ.  New  York,  Binghamton,  New  York. 

Methods  of  evaluating  various  aspects  (physical,  cultural,  hydrologic,  and  aesthetic)  of 
watersheds  were  tested  on  six  rivers  representing  a  variety  of  natural  environments. 
Criteria  to  inventory  and  classify  natural  environments  as  well  as  methods  to  evaluate 
cultural  (scenic  and  historic)  values  were  identified.   Application  of  methodology  to 
watershed  management  and  planning  is  stressed. 

116.  Morisawa,  Marie,  and  Martin  Murie.   1969.   Evaluation  of  natural  river  environments. 
Final  Rep.,  143  p.   USDI  Water  Resour.  Res.,  Antioch  College,  Yellow  Springs,  Ohio. 

Methods  were  devised  to  objectively  identify  and  assess  values  (biological,  geological, 

aesthetic,  and  recreational)  of  rivers  in  their  natural,  free-flowing  state,  and  to  compare 
these  values  with  those  of  more  developed  rivers.   Field  data  on  fauna,  flora,  geology, 
hydrology,  history,  and  aesthetics  were  collected  for  the  Green  River,  Wyoming,  and  the 
Little  Miami  River,  Ohio,  to  supply  an  inventory  of  features  along  each  river.   Although 

both  rivers  were  considered  natural  and  free-flowing,  classification  schemes  and  ratings 
for  each  value  applied  to  these  two  rivers  show  sharp  distinctions  between  them. 

117.  Morris,  James  A.   1976.   Instream  flow  evaluation  for  outdoor  recreation.  In   Instream 

flow  needs  Spec.  Conf .  and  Symp.  Proc,  Vol.  II,  May  3-6,  1976,  Boise,  Idaho,  p.  352- 
358.   Am.  Fish.  Soc .  ,  Bethesda,  Maryland. 

Recreation  is  accepted  as  a  legal,  competing  use  for  water.   Planning  guidelines  accent  the 

need  for  ways  to  evaluate  trade-offs  among  all  water  uses.   A  method  to  subjectively  evalu- 
ate the  effects  of  different  instream  flows  on  river-related  recreation  activities  is  pro- 

posed.  This  method  should  be  adaptable  to  current  water  resource  planning  guidelines  and 
be  simple  to  apply. 
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118.  Natural  Historical  Parks  Branch,  Planning  Division.   1973.   Summary  report  wild  rivers 

survey  1972.   Spec.  Rep.  73-3,  65  p.   Can.  Dep.  Indian  Aff,  North  Dev.,  Ottawa, 
Canada. 

Summarizes  a  1972  inventory  of  wild  rivers  in  Canada.   Study  rivers  were  chosen  for  their 

potential  national  park-natural  region  representation,  association  with  historic  routes, 
or  logistics.   Results  are  presented  by  region:  western  mountain  area,  barrenlands  area 
in  the  northwest,  Canadian  shield  (central),  Canadian  shield  (eastern),  and  Appalachians 
area  in  Newfoundland.   Evaluation  of  river  sections  is  based  on  river  location,  water  and 
channel  characteristics,  valley  characteristics,  historical/cultural  features,  scenic 
quality,  and  recreation  quality. 

119.  Niemann,  Bernard  J.,  Jr.,  Xavier  A.  Bonilla,  and  S.  Richard  Bruno.   1975.   Rural 
landscape  assessment:  a  comparative  evaluation  of  high  platform  remote  sensors. 
243  p.   Dep.  Landscape  Arch. /Environ.  Awareness  Cent.,  Sch.  Nat.  Resour . ,  Coll. 
Agric.  and  Life  Sci.,  Univ.  Wisconsin,  Madison,  Wisconsin. 

The  St.  Croix  and  Namekagon  River  system  and  surrounding  landscape  in  Wisconsin  was  used 
as  the  test  site  to  compare  and  evaluate  the  usefulness  of  high  platform  remote  sensing 
with  conventional  resource  assessment  methods.   Results  indicate  that  high  altitude  color 
infrared  photography  is  comparable  with  conventional  assessment  methods.   Good  results 
were  obtained  through  remote  sensing. 

120.  Nighswonger,  James  J.  1970.  A  methodology  for  inventorying  and  evaluating  the  scenic 
quality  and  related  recreational  value  of  Kansas  streams.  Kansas  Plann.  Dev.  Rep.  32, 
119  p.   Kansas  Dep.  Econ.  Dev.  Plann.  Div. ,  Topeka,  Kansas. 

Develops  a  technique  for  inventorying,  evaluating,  and  analyzing  Kansas'  streams  for  visual 
quality  and  recreational  potential.   Concludes  that  the  most  significant  streams,  in  terms 

of  visual  quality,  are  located  in  the  eastern  one-third  of  Kansas  where  water,  topography, 
and  vegetation  combine  for  visual  diversity. 

121.  Rickert,  David  A.,  and  Walter  G.  Hines .   1975.   A  practical  framework  for  river-quality 
assessment.   USDI  Geol.  Surv.  Circ.  715-A,  17  p.   Washington,  D.C. 

Presents  a  seven-step  framework  for  comprehensively  assessing  river  quality:  (1)  determine 
existing  and  potential  river  quality,  (2)  analyze  river  hydrology,  (3)  select  assessment 
methods,  (A)  collect  data,  (5)  analyze  data,  (6)  predict  impacts  on  future  planning,  and 
(7)  communicate  results  to  clients.   The  Willamette  River  Basin  in  Oregon  was  used  as  a 
case  study. 

122.  Sonnen,  Michael  B.,  Larry  C.  Davis,  William  R.  Norton,  and  Gerald  T.  Or lob .  1970. 
Wild  Rivers:  methods  for  evaluation.  Final  Completion  Rep.,  116  p.  Water  Resour. 
Eng.  Inc.,  Walnut  Creek,  California. 

Develops  two  methods  of  evaluating  wild  and  scenic  river  potential  to  include  intangible, 

nonmonetary  benefit  values.   Each  method  was  tested  on  two  adjacent  river  basins  in  Wash- 
ington— the  Upper  Skagit   (a  currently  developed  basin)  and  the  Sauk-Suittle   (a  wild  river 

basin) .   The  results  of  each  test  indicated  that  the  Sauk-Suittle  River  should  be  left  wild 
and  the  Skagit  River  could  be  more  fully  developed. 

123.  Stalnaker,  C.  B. ,  and  J.  L.  Arnette  (ed . ) .   1976.   Methodologies  for  the  determination 
of  stream  resource  flow  requirements:  an  assessment.   199  p.   USDI  Fish  and  Wildl. 
Serv. ,  Off.  Biol.  Serv.,  Lakewood ,  Colorado. 

Examines  techniques  and  methods  used  to  assess  instream  flow  requirements  for  fish  and  other 

aquatic  life,  wildlife,  recreation  activities,  and  aesthetic  values.   Discusses  the  measure- 
ment of  recreation  activities  and  the  assessment  of  those  social  attitudes  that  affect 

demand  or  potential  demand  for  stream-associated  recreation  resources.   Analyzes  the 
aesthetics  of  flowing  streams  and  adjacent  landscapes.   Measuring  aesthetics  is  discussed 
with  emphasis  upon  viewer  evaluation  and  environmental  qualities. 
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124.  Taylor,  Gordon  D.   1965.   Approach  to  the  inventory  of  recreational  lands.   Can.  Geogr. 
9(2):84-91. 

Proposes  a  classification  system  of  recreational  lands  based  on  characteristics  that  different 
land  areas  have  in  common  and  on  the  intensity  of  recreational  use  of  various  lands.   Criteria 
used  in  classification  include:  attractibility ,  vegetative  cover,  slope,  size,  and  availability 
of  drinking  water. 

125.  Taylor,  Gordon  D.,  and  Clarke  W.  Thompson.   1966.   Proposed  methodology  for  an  inven- 
tory and  classification  of  land  for  recreational  use.   For.  Chron.  42(2) :153-159. 

Presents  a  method  to  inventory  and  rank  landscapes  for  recreational  use.   Utilizes  four 

criteria  to  evaluate  them:  water,  cover,  slope,  and  relief.   Delineates  a  four-fold  process 
to  both  itemize  and  scale  landscape  types.   The  recreational  potential  of  sites  is  based  on 
the  presence  or  absence  of  limiting  factors  that  affect  their  development  for  recreational 
uses. 

126.  Terry,  Claude  E.   1977.   A  filter  system  for  determining  river  suitability  for  National 
Wild  and  Scenic  River  status.  In   River  recreation  management  and  research  Symp.  Proc. 

USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28,  p.  372-379.   North  Cent.  For.  Exp.  Stn. ,  St.  Paul, 
Minnesota. 

A  system  of  filter  matrices  is  described  and  its  application  to  rivers  in  the  Appalachian 
plateau  evaluated.   Based  upon  subsequent  aerial  observation  and  input  from  users,  the 
system  appears  applicable  in  identifying  streams  that  could  logically  be  considered  for 
inclusion  in  the  National  Wild  and  Scenic  River  System. 
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4 
ECONOMIC  EVALUATIONS 

(Also  see  reference  numbers  46,  111,  112,  113,  117) 

127.  Bianchi,  Dennis  H.   1969.   The  economic  value  of  streams  for  fishing.   Res.  Rep.  25, 
119  p.   Water  Resour.  Res.  Inst.,  Univ.  Kentucky,  Lexington,  Kentucky. 

Presents  the  results  of  an  interview  study  of  Kentucky  stream  fishermen.   Notes  the  decline 
of  natural  stream  fisheries.   Develops  a  method  to  estimate  the  economic  and  recreational 
value  of  streams  to  fishermen.   When  estimating  net  benefits  for  economic  justification, 

the  recreational  value  of  "lost"  natural  stream  fisheries  should  be  deducted  from  the  value 
gained  through  reservoir  recreation.   Concludes  that  the  unit  value  of  a  fisherman-day 
varies  as  a  function  of  both  the  geographical  location  of  a  stream  and  its  state  of 
naturalness . 

128.  Blank,  Uel,  and  Sterling  H.  Stipe.   1971.   Economic  impact  of  the  Crow  Wing  Trail, 
Wadena  County,  Minnesota.   USDA  Econ.  Res.  Serv.  467,  29  p.   U.S.  Dep .  Agric,  Agric. 
Exp.  Stn.,  Univ.  Minnesota,  St.  Paul,  Minnesota. 

Discusses  efforts  since  1964  by  private  groups,  individuals,  and  government  sponsored 

programs  in  Wadena  County  to  develop  the  Crow  Wing  River  for  canoeing  and  related  recrea- 
tion activities.   Positive  economic  impacts  of  development  on  surrounding  communities 

have  been:  additional  employment;  about  $50,000  per  year  of  additional  income;  and, 
complementary  rather  than  competitive  with  other  recreation  facilities  in  the  County. 

129.  Davis,  Robert  K.   1963.   Recreation  planning  as  an  economic  problem.   Nat.  Res.  J. 

3(2):239-249. 

States  that  perceiving  the  values  to  society  of  different  amounts  and  kinds  of  recreation 
areas  and  facilities  is  the  key  to  allocating  future  funding.  Also,  because  no  dichotomy 
between  economics  and  aesthetics  exists,  economics  (especially  cost  benefit  analysis),  is 
a  useful  tool  at  all  levels  of  recreation  planning.  Concludes  that  nearly  all  forms  of 
outdoor  recreation  are  susceptible  to  market  analysis  and  that  it  is  feasible  to  study 

markets  to  determine  demand  for  and  user's  value  of  the  types  of  outdoor  recreation  that 
guide  user  choices. 

130.  Dean,  J.  H.,  and  C.  S.  Shih.   1975.   Decision  analysis  for  the  river  walk  expansion 

in  San  Antonio,  Texas.   Water  Resour.  Bull.  11(2) :237-244. 

■Recommends  that  the  decision  to  expand  the  walkway  should  be  based  on  the  walkway's  intangi- 
ble attributes — such  as  recreational  value  and  social  impacts — as  well  as  its  tangible 

attributes — such  as  cost.   Applies  decision  analysis  techniques  with  multi-attribute 
utility  theory  rankings  to  assess  tangible  and  intangible  attributes.   This  method  of 
decision  making  ensures  that  intangible  benefits  are  considered. 

131.  Dwyer,  John  F. ,  John  R.  Kelly,  and  Michael  D.  Bowes.   1977.   Improved  procedures  for 
valuation  of  the  contribution  of  recreation  to  national  economic  development.   Res. 

Rep.  128,  218  p.   Water  Resour.  Cent.,  Univ.  Illinois,  Urbana-Champaign,  Illinois. 

Presents  procedures  for  evaluating  criteria  for  water  and  related  land  resources.   Federal 
agencies  use  the  interim  unit  day  value  approach  almost  exclusively.   This  approach  has 
little  theoretical  or  empirical  justification  and  does  not  encourage  efficient  allocation 

of  resources.   It  is  recommended  that  models  be  developed  to  predict  individual  willingness- 
to-pay  for  many  types  of  recreation  as  functions  of  site  characteristics,  the  characteristics 
of  the  individual  user,  the  availability  of  substitute  activities  and  sites,  and  the  location 
of  the  individual  in  relation  to  the  resources  under  study.   The  total  value  of  the  resource 
would  be  a  function  of  these  variables,  the  number  of  users,  and  the  distribution  of  users 
within  the  market  area.   These  functions  may  be  derived  from  regional  travel  cost  demand 
functions  or  could  be  explicit  willingness-to-pay  functions  derived  from  the  survey  method. 
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132.  Dyer,  Allen  A.,  and  R.  J.  I^n^aley.   1968.   Predicting  use  of  recreation  sites.   Utah 
Agric.  Exp.  Stn.  Bull.  477,  21  p.   Logan,  Utah. 

Reports  on  an  effort  to  produce  a  measurement  model  to  predict  recreation  use.   Assumes  that 
other  satisfactory  models  have  been  developed  for  predicting  travel  to  competing  market  centers 
and  for  predicting  market  areas  for  shopping  centers.   Based  on  this  assumption  the  measurement 
model  is  defined  as  a  modification  and  combination  of  the  gravity  model  and  the  theory  of  inter- 

vening opportunities.   Suggests  that  these  approaches  to  measuring  use  can  be  combined  because 
both  have  the  same  influencing  factors  (available  opportunities  at  site  being  examined,  competing 
opportunities,  and  impact  of  travel  distance). 

133.  Kelly,  William  F.   1970.   Interrelationships  among  water-based  recreation  areas.  In   West- 
ern agricultural  economics  recreation  Proc,  p.  129-133.   Oregon  State  Univ.,  Corvallis, 

Oregon. 

Study  on  three  Nevada  lakes — Lake  Tahoe,  Pyramid  Lake,  and  Lahontan  Reservoir — to  determine 
interrelations  of  demand  for  water-based  recreation  for  specific  sites.   Author  concludes  that 
distance  might  not  be  a  reliable  substitute  for  price  and  that  distance  variables  may  often  be 
highly  interrelated.   Suggests  that  other  methods  should  be  investigated  in  any  further  attempts 
to  measure  demand  and  demand  interrelations  for  recreation  areas.   States  that  research  should 
be  conducted  to  measure  recreational  activities  separately  rather  than  as  a  whole  because 
activities  could  be  competitive. 

134.  King,  David  A.   1977.   Economic  evaluation  of  alternative  uses  of  rivers.  In   River 

recreation  management  and  research  Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28, 
p.  60-66.   North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Reviews  the  benefit-cost  analysis  decision  criterion  and  the  concept  of  opportunity  cost.   Out- 
lines how  to  measure  recreational  benefits  using  the  Hotelling-Clauson-Knetsch  model.   Discusses 

data  and  research  needs  for  using  benefit-cost  analysis  as  a  tool  for  making  river  management 
decisions.   Concludes  that  the  ability  to  use  benefit-cost  analysis  in  river  management  exists 
and  should  be  exercised. 

135.  Knetsch,  Jack  L.   1971.   Value  comparisons  in  free-flowing  stream  development.   Nat. 
Resour.  J.   11(4)  :624-635. 

States  that  current  methods  of  evaluating  recreation  benefits  are  incapable  of  indicating 
how  the  demand  curve  changes  with  the  type  of  recreation.   The  role  of  conventional  prices 
in  outdoor  recreation  is  muted  because  a  large  portion  of  the  cost  is  publicly  provided.   The 
availability  of  goods  and  services  is  as  important  for  recreation  as  it  is  for  other  goods 
and  services.   There  are  two  main  considerations  for  estimating  the  values  of  the  recreation 

;opportunities  that  may  be  provided:  (1)  number  of  people  it  affects,  and  (2)  user's  willing- 
|ness  to  pay. 
I 

'136.   Knetsch,  Jack  L.   1974.   Outdoor  recreation  and  water  resources  planning.   Water  Resour. 
Monogr.  3,  121  p.   Am.  Geogphys .  Union,  Washington,  D.C. 

Summarizes  advances  in  existing  techniques  to  quantitatively  determine  the  demand  for  recrea- 
tional opportunities  and  to  estimate  the  value  of  such  opportunities.   Previous  attempts  to 

quantify  recreational  demand  used  projection  models  based  on  population,  average  income, 
and  distance  traveled  to  recreation  sites.   Some  ways  to  estimate  recreational  values  have 
been  the  market  value  method,  cost  method,  willingness  to  pay,  and  gross  expenditures  method. 

137.   Krutilla,  John  V.   1970.   Evaluation  of  an  aspect  of  environmental  quality.   Soc.  Stat. 
Sect.  Proc.  1970:198-206. 

Reports  on  a  study  to  aid  resource  allocation  decisions  involving  amenity  aspects  of  the 

river  environment  of  Hell's  Canyon  on  the  Snake  River  in  Idaho.   A  comparative  evaluation 
of  the  unique  geomorphologic-hydrologic  characteristics  of  the  site  and  hydro-electric 
alternatives  is  made.   Introduces  a  means  of  quantifying  the  costs  and  benefits  of  preserv- 

ing the  Canyon. 
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138.  LaPage,  Wilbur  F.,  Paula  L.  Cormier,  George  J.  Hamilton,  and  Alan  N.  Cormier.   1975. 
Differential  campsite  pricing  and  campground  attendance.   USDA  For.  Serv.  Res.  Pap. 

NE-330,  6  p.   Northeast.  For.  Exp.  Stn. ,  Upper  Darby,  Pennsylvania. 

Price  differentials,  including  a  premium  for  waterfront  campsites  and  a  preferential  rate 
for  State  residents,  were  introduced  at  a  New  Hampshire  State  Park  in  1973.   Total  revenue 
increased  by  61  percent.   Permit  data  before  and  after  the  change  showed  that  attendance 
by  State  residents  increased  significantly.   The  differentials  did  not  produce  longer  or 
more  frequent  visits  by  State  residents  nor  a  decline  in  the  use  of  waterfront  sites. 
Declines  in  visit  length  and  party  size  appeared  to  be  independent  of  fee  policies. 

139.  Merewitz,  Leonard.   1966.   Recreational  benefits  of  water  resource  development. 

Water  Resour.  Res.  2(A) :625-640. 

A  pilot  test  of  a  demand  model  to  measure  recreationists '  willingness  to  pay  for  various 
activities  (boating,  fishing,  etc.)  was  conducted  at  Lake  of  the  Ozarks  in  Missouri.   The 
test  identified  four  factors  as  necessary  components  of  the  demand  model:  population, 
population  density,  distance  from  the  recreation  site,  and  mean  income  of  recreationists. 
Factors  such  as  mobility  and  availability  of  alternative  recreational  activities  did  not 
appear  to  be  useful  factors  for  this  model. 

140.  Michalson,  E.  L.   1977.   An  attempt  to  quantify  the  aesthetics  of  Wild  and  Scenic 
Rivers  in  Idaho.  In   River  recreation  management  and  research  Symp.  Proc.   USDA  For. 

Serv.  Gen.  Tech.  Rep.  NC-28,  p.  320-328.   North  Cent.  For.  Exp.  Stn.,  St.  Paul, 
Minnesota. 

Describes  the  procedure  used  to  estimate  demand  for  outdoor  recreation  on  rivers.   Also 

describes  the  development  of  a  Likert-type  scale  to  distribute  the  net  resource  values 
estimated  in  the  demand  analysis  according  to  perceptions  that  users  indicated  as  being 
important  to  the  wild  and  scenic  river  experience. 

141.  Parent,  C.  R.  Michael,  and  Franklin  E.  Robeson.   1977.   Effects  of  National  Park 

Service  and  Forest  Service  regulations  on  concession  operations.  In   River  recrea- 
tion management  and  research  Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28, 

p.  334-341.   North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Examines  the  impact  of  USDA  Forest  Service  and  National  Park  Service  regulations  on  the 
market  structure  of  commercial  float  trip  com.panies  under  their  respective  jurisdictions. 
Discusses  price  and  quantity  aspects  of  demand  and  differences  in  regulations. 

142.  Stern,  Carlos  David.   1974.   Hydropower  vs.  wilderness  waterway:  the  economics  of 

Project  Justification  through  the  sixties.   J.  Leisure  Res.  6(l):46-57. 

Presents  a  critical  review  of  the  cooperative  study  by  the  U.S.  Department  of  Interior's 
Bureau  of  Reclamation  and  National  Park  Service  and  the  Army  Corps  of  Engineers  in  the 

early  1960's.   The  study  analyzes  alternatives  for  developing  the  last  major  natural  stretch 
of  the  upper  Missouri  River,  scrutinizes  recreation  benefits  at  reservoirs  and  on  wilderness 
waterways,  and  suggests  willingness  to  pay  and  opportunity  costs  as  two  approaches  to  better 
measure  such  benefits. 

143.  Stevens,  Joe  B.   1966.   Recreation  benefits  from  water  pollution  control.   Water 

Resour.  Res.  2 (2) : 167-182 . 

Presents  a  method  for  estimating  direct  recreation  benefits  from  water  pollution  control 
using  a  model  of  biological-behavioral  relations  involved  in  sport  fishing.  Angling  success 
per  unit  of  effort  was  taken  to  represent  the  quality  of  the  recreation  experience.   Direct 
recreation  benefits  were  identified  as  fishing  success  per  unit  of  effort  that  would  result 
from  the  prevention  of  water  pollution. 
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144.  Stroup,  R.  L. ,  M.  D.  Copeland,  and  R.  R.  Rucker .   1976.   Estimation  of  amenity  values 
as  opportunity  costs  for  energy-related  water  use  in  Montana,   Montana  Univ.  Joint 
Water  Resour .  Res.  Cent.  Rep.  81,  51  p.   Dep.  Agric.  Econ. ,  Montana  State  Univ.,  Bozeman, Montana. 

It  is  increasingly  important  that  the  value  of  water  resources  for  nonconsumptive  uses,  such 
as  recreation,  be  quantified.   Numerous  methods  of  site  evaluation  have  been  attempted  but 
all  have  encountered  problems  stemraing  from  the  use  of  proxies  for  consumers  willingness  to 
pay  for  site  use.   A  fee  experiment  for  a  specific  site  on  the  Yellowstone  River  is  specified 
in  detail.   This  method  avoids  the  problems  associated  with  proxies  for  consumer  willingness 
to  pay. 

145.  Trock,  W.  L. ,  and  R.  D.  Lacewell.   1973.   An  economic  evaluation  of  a  water-based  urban 
tourist  attraction  in  San  Antonio,  Texas.   Tech.  Rep.  48,  92  p.   Water  Resour.  Inst., 
Texas  A&M  Univ.,  College  Station,  Texas. 

Determines  the  economic  effects  of  the  Paseo  Del  Rio  on  commercial  enterprises  and  activities 
as  they  relate  to  tourism  and  recreation  in  the  central  city.   Three  surveys  were  conducted. 
The  first  identified  users  of  the  walkway  by  their  socio-economic  characteristics  and  other 
factors  important  to  their  knowledge  and  use  of  the  river.   The  second  was  a  survey  of 
businesses  in  the  central  business  district,  their  economic  characteristics,  their  relation 
to  the  river  walkway,  and  the  portion  of  gross  receipts  of  these  businesses  attributable  to 
the  developed  river  area.   The  third  survey  identified  characteristics  of  San  Antonio 
residents,  their  knowledge  of  the  river  walkway,  and  their  use  of  it. 

146.  Waller,  Louis  R. ,  and  Dwight  R.  McCurdy.   1977.   A  model  for  establishing  water  quality 
standards  for  rivers.  In   River  recreation  management  and  research  Symp .  Proc.   USDA 

For.  Serv.  Gen.  Tech.  Rep.  NC-28,  p.  380-385.   North  Cent.  For.  Exp.  Stn.,  St.  Paul, 
Minnesota. 

^n  approacli  is  presented  for  setting  water  quality  standards  for  a  river  based  on  the 

following  functional  relation:  R  =  f  (Q,  CQ,  S,  RC) .   Where  R  =  recreation  activities  (in 
number  of  units),  Q  =  water  quality  level,  CQ  =  cost  of  achieving  or  maintaining  a  specific 
water  quality  level,  S  -   recreational  supply  of  the  resource,  and  RC  =  recreational  consump- 

tion.  The  approach  is  based  on  the  assumption  that  the  recreational  use  of  a  river  is  the 
nost  demanding  of  a  high  water  quality  compared  to  the  other  uses  of  the  river. 

147.  Walsh,  Richard  G.   1977.   Recreational  user  benefits  from  water  quality  improvement. 

In   Economics  of  outdoor  recreation  Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep.  WO-2, 
p.  121-132.   Northeast.  For.  Exp.  Stn.,  Upper  Darby,  Pennsylvania. 

'heorizes  that  upgrading  the  polluted  waterways  in  the  United  States  would  result  in  a  $7.3 
illion  increase  in  recreation  users  benefits  (fishing,  boating,  swimming).   Roughly  $4.3 
illion  of  this  would  be  a  savings  in  travel  and  time  costs.   Estimates  do  not  include 

activities  of  youths  12  and  under  because  of  incomplete  data  concerning  their  water-based 
activities.   Suggests  further  study  on  younger  age  groups.   Also  suggests  research  on 
benefits  of  incremental  water  quality  improvement  to  determine  what  increase  of  benefits 
rfould  result  from  a  certain  degree  of  water  quality  improvement. 
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5 
INVESTIGATIONS  OF  ENVIRONMENTAL  IMPACTS 

(Also  see  reference  numbers  12,  17,  29,  35,  40,  84,  102,  147) 

148.  Aitchison,  Stewart.   1976.   Human  impact  on  the  Grand  Canyon.   Down  River  3(4):18-19. 

Documents  increasing  use  of  the  Colorado  River  through  Grand  Canyon  National  Park  for  river 
running  and  resulting  biological  and  sociological  problems.   Outlines  a  recent  National 
Park  Service  research  project  to  determine  carrying  capacities  and  the  effect  of  the  Glen 
Canyon  Dam  on  the  riparian  environment.   Suggests  restrictive  management  of  biologically 
sensitive  areas  within  the  Canyon  as  an  alternative  to  limiting  total  numbers  of  rafters. 

149.  Aitchison,  Stewart  W. ,  Steven  W.  Carothers,  and  R.  Roy  Johnson.   1977.   Some  ecologi- 
cal considerations  associated  with  river  recreation  management.  In   River  recreation 

management  and  research  Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28,  p.  222- 
225.   North  Cent.  For.  Exp.  Stn. ,  St.  Paul,  Minnesota. 

Drawing  from  an  ecological  study  on  the  Colorado  River,  four  river  recreation  management 

concerns  are  discussed:  (1)  river  research  versus  river  management — their  interrelations 
and  priorities,  (2)  extensive  resource  inventories — their  role  as  indicators  of  environ- 

mental deterioration,  (3)  human  impact — its  identification  and  proposed  mitigation,  and 
(4)  suggested  guidelines  for  identifying  unique  and  ecologically  sensitive  areas.   Also 
discussed  are  other  environmental  degradents  not  directly  associated  with  human  impact, 
but  nevertheless  a  source  of  concern  for  river  managers,  such  as  habitat  destruction  by 
wild  burros. 

150.  Barton,  Michael  A.   1969.   Water  Pollution  in  remote  recreational  areas.   J.  Soil 

and  Water  Conserv.  24  (4)  :132-134 . 

The  concentrated  use  of  remote  recreation  areas,  such  as  Minnesota's  Boundary  Waters  Canoe 
Area,  threatens  water  quality.   Solid  wastes,  enriched  waters  from  adjacent  municipalities, 
human  waste,  gasoline  from  outboard  engines,  and  insecticides  all  contribute  to  a  potentiall 
serious  pollution  problem.   Natural  inputs,  such  as  sedimentation,  must  also  be  considered. 
Proposes  a  system  for  monitoring  selected  constituents  (e.g.,  phosphorus,  fecal  coliform, 
etc.) . 

151.  Cain,  Stanley  A.   1968.   Ecological  impacts  on  water  resources  development.   Water 

Resour.  Bull.  4(1): 57-74. 

Cites  the  historic  lack  of  concern  for  the  ecological  side  effects  in  water  resources 
development  and  the  resulting  damage  to  the  environment.   Describes  physical,  biotic, 

and  abiotic  factors  of  aquatic  ecosystems  that  are  easily  disturbed  by  man's  alterations. 
Recommends  funding  of  future  baseline  ecological  studies. 

152.  Craig,  William  S.   1977.   Reducing  impacts  from  river  recreation  users.  In   River 
recreation  management  and  research  Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep. 

NC-28,  p.  155-162.   North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Dramatic  increases  in  river  recreation  use  make  it  mandatory  for  managers  to  utilize  the 
latest  knowledge  for  preventing  site  degradation  and  maintaining  a  desired  experience. 
Suggests  that  such  innovative  management  as  scheduling  use,  hardening  sites,  and  improving 
human  waste  disposal,  can  make  it  possible  for  a  Wild  and  Scenic  River  Area  to  support 

more  people  without  lowering  the  visitor's  experience  or  the  environmental  quality. 

153.  Davis,  John  H.  (ed.).   1977.   The  big  clean  up:  a  special  feature  section.   Parks 
and  Recreation  12(2) :4a-40a. 

Entire  section  devoted  to  the  implications  of  the  Federal  Water  Pollution  Control  Act 
Amendments  of  1972  to  parks,  recreation,  and  the  leisure  services  delivery  system. 
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154.  Ditton,  Robert  B. ,  David  J.  Schmidly,  William  J.  Boeer,  and  Alan  R.  Graefe.   1977. 
A  survey  and  analysis  of  recreational  and  livestock  impact  on  the  riparian  zone  of  the 
Rio  Grande  in  Big  Bend  National  Park.  In   River  recreation  management  and  research 
Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28,  p.  256-266.   North  Cent.  For. 
Exp.  Stn. ,  St.  Paul,  Minnesota. 

Visitor  use  patterns,  biological  conditions,  and  selected  items  of  recreational  impact 
(including  litter,  trampling,  tree  cutting,  and  human  waste)  were  measured  for  12  months. 
Use  and  impact  were  shown  to  be  strongly  and  positively  correlated.   However,  recreational 
impact  was  not  significantly  related  to  the  biological  "health"  of  the  area.   Cluster 
analysis  was  used  to  group  areas  into  three  categories  based  on  degree  of  impact;  only 
one  of  every  four  sites  was  heavily  impacted.   Principal  component  analysis  identified 
human  impact  features  as  best  discriminators  between  sites. 

155.  Dolan,  Robert,  Alan  Howard,  and  Arthur  Gallenson.   1974.   Man's  impact  on  the 
Colorado  River  in  the  Grand  Canyon.   Am.  Sci.  62(4) : 392-401. 

Describes  environmental  changes  that  have  occurred  along  the  Colorado  River  through  Grand 
Canyon  National  Park,  Arizona,  since  the  Glen  Canyon  Dam  was  constructed.   Cites  major 
impact  the  dam  has  had  on  water  level  fluctuations  and  the  subsequent  effects  this  change 
has  had  on  the  vegetation,  fish,  beach  formation,  and  rapids  along  the  river.   Also  notes 
the  increased  effect  of  human  use  on  the  ecology  of  the  Canyon.   Suggests  that  quantifi- 

cation of  river  trip  activity  is  needed  to  cope  with  human  impact  in  the  canyon/river 
environment . 

156.  Hansen,  Edward  A.   1975.   Does  canoeing  increase  stream  bank  erosion?   USDA  For. 

Serv.  Res.  Note  NC-186,  4  p.   North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Describes  research  on  the  Pine  River  in  Michigan  to  determine  if  large  increases  in 
canoeing  accelerated  stream  bank  erosion.   Most  erosion  was  natural,  but  people  sliding 
and  camping  on  stream  banks  created  some  erosion.   Heavy  canoe  traffic  is  not  a  causal 
factor  in  erosion. 

157.  James,  George  A.   1974.   Physical  site  management.  In   Outdoor  recreation  research: 
applying  the  results.   Papers  from  a  workshop  held  by  the  USDA  Forest  Service  at 

Marquette,  Michigan,  June  19-21,  1973.   p.  67-82.   USDA  For.  Serv.  Gen.  Tech.  Rep. 
NC-9,  113  p.   North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Notes  that  much  information  is  available  about  the  protection  and  maintenance  of  recrea- 
tion sites,  but  the  large  number  of  resource  variables  and  the  highly  specific  nature  of 

many  research  findings  make  it  difficult  to  condense  this  information  into  a  compendium 
of  site  management  guidelines.   Maximum  use  is  apparently  not  being  made  of  available 
site  management  information.   Reasons  include  the  highly  scattered  nature  of  information, 
difficulty  in  obtaining  pertinent  material,  and  research  findings  not  always  directly 
applicable  to  the  problem  at  hand.   A  suggested  reading  list  with  60  annotated  articles 
on  the  subject  is  presented. 

158.  Kalnicky,  Richard  A.   1976.   Recreation  use  of  small  streams  in  Wisconsin.   Dep. 
Nat.  Resour . ,  Tech.  Bull.  95,  20  p.  Madison,  Wisconsin. 

A  field  survey  of  80  small  stream  reaches  was  conducted  to  determine  the  amount  of  recrea- 
tional use  of  small  streams  in  Wisconsin.   Both  streams  affected  and  those  not  affected 

by  wastewater  discharge  were  surveyed.   The  data  suggest  that  there  is  only  one-fourth 
to  one-half  as  much  recreational  use  on  discharge-affected  streams  as  on  nonaffected 
streams.   Study  concludes  that  discharges  from  wastewater  treatment  plants  apparently 

degrade  the  water  quality  on  many  small  streams  in  a  way  that  is  noticeable  to  recrea- 
tional users. 
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159.  Knudsen,  A.  B. ,  R.  Johnson,  K.  Johnson,  and  N.  R.  Henderson.   1977.   A  bacteriological 
analysis  of  portable  toilet  effluent  at  selected  beaches  along  the  Colorado  River, 
Grand  Canyon  National  Park,  Arizona.  In   River  recreation  management  and  research 

Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28,  p.  290-295.   North  Cent.  For. 
Exp.  Stn.,  St.  Paul,  Minnesota. 

Portable  toilet  effluent  buried  at  nine  beaches  along  the  Colorado  River  in  Grand  Canyon 
National  Park  was  examined  for  bacteria.   Viable  total  and  fecal  coliforms  were  isolated 

84  percent  of  the  time.   Coliforms  were  present  throughout  the  strata  to  a  depth  of  2  feet. 
Concludes  there  is  a  definite  public  health  hazard  because  of  the  numbers  of  coliforms  and 
associated  pathogens  that  are  capable  of  surviving  from  one  season  to  the  next.   Therefore, 
the  health  of  the  15,000  individuals  who  annually  make  Colorado  river  trips  and  camp  at 
such  beaches  is  potentially  endangered. 

160.  Kusler,  Jon  A.   1973.   Carrying  capacity  controls  for  water  recreation  uses.   Wisconsin 
Law  Rev.  1:1-36. 

Defines  sociological  and  ecological  carrying  capacity  and  discusses  possible  methods  to  limit 

use:  water-surface  and  shoreline  zoning,  permits,  commercial  restrictions,  and  access  controlsji 
Discusses  legal  considerations  of  the  above  controls  and  cites  past  litigation  regarding 
riparian  versus  public  rights.   Presents  a  model  statute  designed  to  strengthen  water  and 
shoreland  planning  in  Wisconsin. 

161.  Merriam,  L.  C,  Jr.,  C.  K.  Smith,  D.  E.  Miller,  Ching  tiao  Huang,  J.  C.  Tappeiner,  II, 
K.  Goeckermann,  J.  A.  Bloemendal,  and  T.  M.  Costello.   1973.   Newly  developed  campsites 
in  the  Boundary  Waters  Canoe  Area.   Univ.  Minnesota  Agric.  Exp.  Stn.,  Bull.  511,  For. 
Ser.  14,  27  p.   St.  Paul,  Minnesota. 

Thirty-three  wilderness  campsites  developed  in  the  Boundary  Waters  Canoe  Area  during  1967 
by  the  Forest  Service  were  studied  for  5  years  (1968-1972)  to  determine  the  impact  of  visitor 
use.   The  effects  on  soils,  vegetation,  and  site  size  were  measured  twice  each  year.   Impacts 

were  most  severe  in  aspen-birch  cover  types  and  least  severe  in  the  white-cedar  type.   Impact: 
leveled  off  before  the  end  of  5  years.   Implications  for  wilderness  management  are  also 
discussed. 

162.  Merriam,  L.  C,  Jr.,  and  C.  K.  Smith.   1974.   Visitor  impact  on  newly  developed 

campsites  in  the  Boundary  Waters  Canoe  Area.   J.  For.  72(10) : 627-630. 

The  impact  of  visitor  use  on  newly  developed  campsites  tended  to  level  off  after  the  first 
2  years.   Visitor  registration  provided  nearly  complete  use  data,  and  the  effects  on  soil, 
water  quality,  vegetation,  and  site  size  were  measured  and  mapped.   Physical  measurements 

were  combined  into  an  impact-stage  rating  system  by  cover  types.   Management  implications 
of  the  results  are  discussed. 

163.  Muratori,  Alex,  Jr.   1968.   How  outboards  contribute  to  water  pollution.   The  Conserva- 
tionist 22(6) :6-8,  34. 

Discusses  the  design  of  two-cylinder  engines  and  reasons  for  the  large  amount  of  exhaust 
produced.   Presents  new  techniques  to  control  pollution  from  outboard  motors. 

164.  Schmidly,  David  J.,  and  Robert  B.  Ditton.   1976.   A  survey  and  analysis  of  recreational 
and  livestock  impacts  on  the  riparian  zone  of  the  Rio  Grande  in  Big  Bend  National  Park. 
160  p.   Dep.  of  Wildl.  and  Fish.  Sci.  and  Dep.  of  Recreation  and  Parks.   Texas  A&M 
Univ.,  College  Station,  Texas. 

Reports  the  results  of  a  study  conducted  on  the  Rio  Grande  in  Big  Bend  National  Park.   Study 
was  organized  into  four  parts:  (1)  visitor  useage  analysis;  (2)  subjective  site  evaluation; 
(3)  biotic  communities  analysis;  and  (4)  photographic  recordings.   Based  on  information 
uncovered  in  the  study,  recommendations  are  made  for  establishing  a  management  framework. 
Various  management  strategies  are  also  presented. 
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165.  Settergren,  Carl  D.   1977.   Impacts  of  river  recreation  use  on  streambank  soils  and 
vegetation — state-of-the-knowledge.  In   River  recreation  management  and  research  Symp. 
Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28,  p.  55-59.   North  Cent.  For.  Exp.  Stn., St.  Paul,  Minnesota. 

Various  means  of  assessing  recreational  impacts  on  stream-side  soils  and  vegetation  have 
been  employed  to  provide  data  to  support  and  implement  management  decisions.   Believes 
that  past  research  in  this  area  has  usually  been  confounded  by  several  problems.   Suggests 
that  the  most  critical  research  needs  are:  (1)  selecting  sampling  points  or  sites  to  yield 
impact  data  representing  an  entire  riverway;  (2)  randomly  locating  plots,  points,  and 
transects  within  a  selected  area;  (3)  locating  suitable  before-and-af ter  or  used-and-unused 
sites  for  control;  (4)  selecting  and  measuring  the  most  important  and  most  user-sensitive 
soil  and  vegetation  features;  and  (5)  measuring  visitor  use  and  how  it  correlates  with 
impact  data. 

166.  Stewart,  Ronald  H.,  and  H.  H.  Howard.   1968.   Water  pollution  by  outboard  motors. 
The  Conservationist  22(6)  :6-8,  31. 

Oil  contamination  is  widespread  and  detrimental  to  water  quality  and  marine  life.   A  case 
study  of  outboard  motor  fuel  pollution  near  a  resort  area  is  discussed.   Estimates  are 

made  on  the  amount  of  fuel-pollution  and  its  effect  on  the  aquatic  environment  and  on  the 
continuing  role  of  the  area  as  a  popular  resort. 

167.  Tennant,  Donald  L.   1976.   Instream  flow  regimens  for  fish,  wildlife,  recreation 
and  related  environmental  resources.  In   Instream  flow  needs  Symp.  Proc.  and  Spec. 

Conf.   Vol.  II,  May  3-6,  1976,  Boise,  Idaho,  p.  359-373.   Am.  Fish.  Soc,  Bethesda, 
Maryland . 

Describes  a  quick,  easy  method  for  determining  flows  to  protect  the  aquatic  resources  in 
both  warmwater  and  coldwater  streams  based  on  their  average  flow.   Detailed  field  studies 
were  conducted  on  11  streams  in  3  States  between  1964  and  1974.   This  work  involved 

physical,  chemical,  and  biological  analyses  of  38  different  flows  at  58  cross-sections 
on  196  stream-miles,  affecting  both  coldwater  and  warmwater  fisheries.   The  studies  reveal 
that  the  condition  of  the  aquatic  habitat  is  remarkably  similar  on  most  of  the  streams 
carrying  the  same  portion  of  the  average  flow. 
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6 
IDENTIFICATION  OF  USE  AND  USERS 

(Also  see  reference  numbers  12,  13,  14,  17,  27,  29,  30,  32,  35,  36,  37,  38,  40, 
48,  50,  54,  72,  74,  81,  82,  83,  84,  90,  110,  111,  112,  113,  114,  123,  127,  132, 
138,  139,  140,  143,  145,  147,  158,  164) 

168.  Ashton,  Peter  G. ,  and  Michael  Chubb.  1972.  A  preliminary  study  for  evaluating 
the  capacity  of  waters  for  recreational  boating.   Water  Resour.  Bull.  8  (3)  :571-577 . 

To  determine  the  mathematical  relation  between  use  levels  and  user  satisfaction,  the  quality 
of  recreation  experiences  were  examined  for  two  groups  of  lake  users  in  southeastern 

Michigan.   Carrying  capacity  limits  for  boating  were  established,  based  on  mailed  question- 
naires, personal  interviews,  and  aerial  photographs.   Satisfaction  was  as  important  a 

variable  in  setting  use  limits  as  was  the  actual  space  available. 

169.  Barker,  Mary  L.  1968.  The  perception  of  water  quality  as  a  factor  in  consumer 
attitudes  and  space  preferences  in  outdoor  recreation.  Assoc.  Am.  Geogr .  Annu. 
Meet.,  Washington,  D.C.   (Mimeo) 

Attempts  to  measure  some  of  the  social  consequences  of  deteriorating  water  quality  and 
the  attitudes  of  people  toward  the  recreational  use  of  public  waterways.  Examines  the 
relation  between  water  quality  evaluation  and  variables  such  as  recreational  activity, 
personal  experience,  and  attitude  toward  the  environment. 

170.  Baron,  Norman  J.  E. ,  James  Cecil,  and  Philip  L.  Tideman.   1972.   A  survey  of 
attitudes  towards  the  Mississippi  River  as  a  total  resource  in  Minnesota.   Water 
Resour.  Res.  Cent.  Bull.  55,  160  p.   Univ.  Minnesota,  Minneapolis,  Minnesota. 

A  survey  of  Minnesotan  attitudes  toward  the  use  of  the  Mississippi  River  in  Minnesota 

was  conducted  in  1971.   Significant  findings  are  that  Minnesotans  do  not  desire  to  cur- 

tail their  uses  of  energy  to  improve  the  River's  environmental  quality,  and  that  perceived 
present  uses  of  the  River  are  opposite  to  the  uses  of  what  the  public  desires. 

171.  Bassett,  John  R. ,  Beverly  L.  Driver,  and  Richard  M.  Schreyer.   1972.   User  study: 

characteristics  and  attitudes  Michigan's  AuSable  River.   78  p.   Sch,  Nat.  Resour., 
Univ.  Michigan,  Ann  Arbor,  Michigan. 

Discusses  physical  attributes  of  the  AuSable  River,  biological  impacts  from  human  use, 
and  economic  impacts  on  the  area  from  tourism.   A  survey  of  river  users  was  conducted 
to  determine  user  characteristics,  conflicts  among  users,  and  other  problems  of  use. 

172.  Boster,  Mark  A.   1972.   Colorado  River  trips  within  the  Grand  Canyon  National  Park 

and  Monument:  a  socio-economic  analysis.   Dep.  Hydrol.  Water  Resour.  Rep.  10,  83  p. 
Univ.  Arizona,  Tucson,  Arizona. 

Surveys  river  runners  on  the  Colorado  River  through  the  Grand  Canyon  in  Arizona  to  establish 

a  social  carrying  capacity.   Includes  socio-economic  information  about  users;  user  motives, 
expectations,  perceptions,  and  satisfaction;  and  perceptions  of  river  managers. 

173.  Boster,  M.  A.,  R.  L.  Gum,  and  D.  E.  Monarchi.  1973.  A  socio-economic  analysis 
of  Colorado  River  trips  with  policy  implications.   J.  Trav.  Res.  12(1): 7-10. 

Summarizes  a  study  on  the  perceptions,  expectations,  and  interactions  of  recreation  users 
on  the  Colorado  River  through  Grand  Canyon  National  Park,  Arizona.   Suggests  using  both 
physical  and  biological  factors  to  determine  human  carrying  capacity  of  the  Colorado  River. 
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174.  Branch,  James  R. ,  and  Stephen  C.  Fay.   1977.   Recreation  management  planning  for  a 
multi-use  scenic  river  corridor.  In   River  recreation  management  and  research  Symp. 
Proc.   USDA  For.  Serv.  Gen,  Tech.  Rep.  NC-28,  p.  142-146.   North  Cent.  For.  Exp. Stn.,  St.  Paul,  Minnesota. 

Thirteen  Mile  Woods  is  a  highly  scenic  strip  of  forest  land  along  the  northern  reaches  of 
the  Androscoggin  River  in  New  Hampshire.   A  survey  of  its  visitors — canoeists,  kayakers , 
picnickers,  campers,  fishermen,   and  snowmobilers — indicated  their  desire  to  maintain  the 
area  in  its  undeveloped  condition.   Land  capability  and  administrative  viewpoints  indicated 
the  same  minimum  development.   Design  capacity  is  discussed  as  a  management  concept  for this  land  and  river  corridor. 

175.  Brewer,  Durward,  and  Glenn  A.  Gillespie.   1969.   Socioeconomic  factors  affecting 
participation  in  water-oriented  outdoor  recreation.   USDA  Econ.  Res.  Serv.  ERS-403, 
37  p.   Washington,  D.C. 

Demand  for  water-oriented  recreation  by  metropolitan  populations  can  be  estimated  by  assessing 
socioeconomic  characteristics  such  as  income,  education,  sex,  race,  occupation,  and  amount  of 
leisure  time.   Results  from  a  questionnaire  given  to  St.  Louis,  Missouri,  residents  indicate 
that  families  with  white  male  heads  of  households  engaged  in  more  outdoor  recreation  than 
families  headed  by  nonwhites  and  women;  demand  for  outdoor  activities  decreases  with  age; 
and  higher  income  groups  have  more  leisure  time,  more  opportunities  for  recreation,  and 
travel  farther  from  home  for  outdoor  recreation  than  do  lower  income  groups. 

176.  Brickler,  Stanley  K. ,  Douglas  K.  Larson,  and  Robert  C.  Johnson.   1974.   Social  carry- 
ing capacity  of  Grand  Canyon  Colorado  River  float  trips:  a  conceptual  framework. 

Inst.  Renewable  Nat.  Resour.  40  p.   Univ.  Arizona,  Tucson,  Arizona. 

Develops  a  three-phase  conceptual  framework  for  understanding  and  measuring  aspects  of 
social  carrying  capacity.   Pretrip  phase  includes  study  of  trip  activity  profiles,  partici- 

pant profiles,  and  user  motivations.   On-site  phase  includes  study  of  actual  float-trip 
where  the  individual  encounters  physical  and  perceptual  sensations  and  experiences.   Post- 
trip  phase  involves  study  of  an  individuals  recollections  about  the  float  trip. 

177.  Brown,  T.  L. ,  and  G.  R.  Reetz.   1976.   Swimming  participation  and  water  quality  in 
Tompkins  County,  New  York.   Completion  Rep.,  53  p.   Dep.  Nat.  Resour.,  Cornell  Univ., 
Ithaca,  New  York. 

A  sample  of  Tompkins  County  households  were  surveyed  to  determine:  (1)  frequency  of  swimming, 

(2)  frequency  residents  swim  in  waters  not  approved  for  swimming,  (3)  degree  of  public  under- 
standing and  agreement  with  existing  swimming  standards,  and  (4)  degree  to  which  swimming  is 

affected  by  perceptions  of  water  quality.   Findings  indicate  that  most  of  Tompkins  County's 
outdoor  swimming  occurs  in  natural  area  streams  that  are  not  regularly  monitored  by  the 
local  health  department  for  water  quality.   Further,  the  majority  of  respondents  could  not 
give  an  evaluation  on  the  degree  of  strictness  of  existing  standards  for  swimming.   Attitudes 
toward  water  quality  appear  to  have  some  influence  on  swimming  and  the  choice  of  a  swimming 
area  but  other  considerations  such  as  convenience  were  more  important. 

178.  Bryan,  Hobson.   1977.   Leisure  value  systems  and  recreational  specialization:  the 
case  of  trout  fishermen.   J.  Leisure  Res.  9(2) :174-187 . 

A  conceptual  framework  of  trout  fishermen  is  developed  around  the  concept  "recreational 
specialization".   This  refers  to  a  continuum  of  behavior  from  the  general  to  the  special- 

ized.  It  is  reflected  by  equipment,  skills  used,  and  preferences  for  specific  recreation 
setting. 
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179.  Carlson,  John  E.   1974.   Attitudes  of  Idaho  residents  toward  free  flowing  rivers  as 
a  water  use  in  Idaho.   Scenic  Rivers  Study  Rep.  12,  59  p.   Water  Resour.  Res.  Inst., 
Univ.  Idaho,  Moscow,  Idaho. 

Survey  of  Idaho  residents  to:  (1)  identify  the  importance  of  natural  resources  compared  to 
other  issues  (e.g.,  education)  and  (2)  identify  the  importance  of  wild  rivers  as  a  water 

use.   Concludes  that  major  resource  priorities  were  in  the  areas  of  utilization  and  preser- 
vation and  that  Idahoans  should  approach  resource  use  from  a  balanced  perspective.   The 

controversial  area  of  wild  and  scenic  river  classification  was  supported  even  though  atti- 
tudes were  somewhat  polarized.   Suggests  that  attitudes  should  not  be  taken  at  face  value 

alone  but  evaluated  with  respect  to  a  person's  overall  priority  rankings  of  various  resource 
uses. 

180.  Christopherson,  Kjell  Arne.   1972.   Report  of  an  analysis  of  attitudes  and  opinions 
of  St.  Joe  River  basin  landowners  toward  wild  and  scenic  rivers.   Scenic  Rivers  Study 
Rep.  2,  74  p.   Water  Resour.  Res.  Inst.,  Univ.  Idaho,  Moscow,  Idaho. 

Presents  results  of  a  survey  of  St.  Joe  River  basin  landowners  on  their  attitudes  and  opin- 
ions towards  the  proposed  inclusion  of  the  St.  Joe  River  in  the  National  Wild  and  Scenic 

River  System.   Ascertains  landowner/recreationist  conflicts  and  the  extent  to  which  land- 

owner's management  policies  and  practices  will  be  affected  by  such  conflicts.   Concludes 
that  increasing  public  recreation  facilities  will  substantially  reduce  such  conflicts. 

Encourages  active  participation  by  private  landowners  in  decision-making  processes. 

181.  Christopherson,  Kjell  Arne.   1973.   Attitudes  and  opinions  of  recreationists  toward 
wild  and  scenic  rivers:  a  case  study  of  the  St.  Joe  River.   Scenic  Rivers  Study  Rep. 
9,  66  p.   Water  Resour.  Res.  Inst.,  Univ.  Idaho,  Moscow,  Idaho. 

Presents  results  of  interviews  with  St.  Joe  River  recreation  users  in  1971-1972.   Focuses 

on  the  users  attitudes  and  opinions  toward  the  river's  inclusion  in  the  National  Wild  and 
Scenic  River  System.   Responses  favored  river  designation  but  concern  was  expressed  for 
the  intensity  of  development  and  recreational  use  the  river  might  receive  if  designated. 

182.  Chubb,  Michael,  and  Holly  R.  Chubb.   1975.   1974  Michigan  recreational  boating  study. 
Recreation  Resour.  Consultants  Rep.  4,  103  p.   East  Lansing,  Michigan. 

Presents  results  of  a  1974  study  on  the  amount,  type,  and  pattern  of  use  of  licensed 
Michigan  watercraft.   Discusses  and  evaluates  19  factors  that  affect  the  reliability  of 
the  data  and  recommends  how  data  collection  can  be  improved  for  future  studies. 

183.  Cieslinski,  Thomas  J.   1977.   Allagash  wilderness  waterway.  In   River  recreation 

management  and  research  Symp.  Proc .   USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28,  p.  117- 
120.   North  Cent.  For.  Exp.  Stn. ,  St.  Paul,  Minnesota. 

Describes  problems,  solutions,  and  use  experience  during  the  first  10  years  of  managing  the 
Allagash  wilderness  waterway.   Problems  related  to  increasing  use  include  establishing 
public  routes  of  access,  registering  users,  dispersing  users  along  the  route  of  travel, 
restricting  group  sizes,  establishing  total  use  limits,  and  disposing  of  litter. 

184.  Clark,  Roger  N.   1977.   Alternative  strategies  for  studying  river  recreationists. 
In   River  recreation  management  and  research  Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech. 

Rep.  NC-28,  p.  91-100.   North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Recreation  researchers  have  a  variety  of  social  research  tools  available  to  them.   Often, 
however,  the  application  of  alternative  tools  in  studying  recreation  issues  is  inconsistent 
with  the  strengths  and  weaknesses  of  the  procedures.   Alternative  research  strategies  are 
discussed  in  terms  of  their  ability  to  provide  information  to  answer  basic  questions  about 

recreation  users  and  recreation  problems.   Implications  for  planners,  managers,  and  policy- 
makers are  addressed. 
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185.  Cordell,  Harold  K. ,  Gordon  A.  Hammon,  John  Graham,  William  L.  Hafley,  and  M.  Roger 
Warren.   1975.   Capacity  of  water-based  recreation  systems  Part  III:  methodology  and 
findings.   Water  Resour.  Res.  Inst.  Rep.  90,  109  p.   North  Carolina  State  Univ., 
Raleigh,  North  Carolina. 

Develops  methods,  models,  and  guidelines  for  planning  and  managing  water-based  recreation 
sites.   Presents  methods  for  collecting  and  processing  data  on  the  recreational  behavior 
of  boaters.   Finds  that  capacity,  measured  as  the  number  of  boats  on  the  lake  system  at 
the  same  time,  is  not  a  fixed  number  because  most  users  seem  to  acclimate  themselves  to 
heavy  use  periods. 

186.  Driver,  B.  L. ,  and  John  R.  Bassett.   1975.   Defining  conflicts  among  river  users:  a 
case  study  of  Michigan  AuSable  River.   Naturalist  26(1): 19-23. 

Summarizes  the  findings  of  a  1971  Michigan  study  that  examined  the  characteristics  and 
attitudes  of  the  river  users  (canoeists,  fishermen,  canoe  outfitters,  and  cottage  residents). 
Identifies  primary  areas  of  conflict  as:  (1)  number  and  distribution  of  users,  (2)  motives  of 

users,  (3)  user's  perceptions  of  managerial  problems,  and  (4)  user  reaction  to  controls  on river  use. 

187.  Driver,  B.  L. ,  and  John  R.  Bassett.   1977.   Problems  of  defining  and  measuring  the 
preferences  of  river  recreationists.  In   River  recreation  management  and  research 
Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28,  p.  267-272.   North  Cent.  For. 
Exp.  Stn.,  St.  Paul,  Minnesota. 

Discusses  seven  broad  types  of  problems  experienced  while  researching  the  preferences  of 
recreationists  on  three  rivers  in  Michigan.   Those  problem  areas  concerned  the  tasks  of: 
(1)  selecting  variables  to  be  included  in  research  designs;  (2)  deciding  which  research 
approach  is  best  suited  for  particular  purposes;  (3)  designing  sample  plans;  (4)  collecting 
data  in  the  field;  (5)  understanding  the  dynamics  of  human  preference  fonnation;  (6)  defin- 

ing the  word  preference;  and  (7)  specifying  clearly  the  preferences  to  be  studied.   Recommen- 
dations are  offered  for  helping  solve  these  problems. 

188.  Driver,  B.  L.,  and  R.  C.  Knopf.   1976.   Temporary  escape:  one  product  of  sport  fish- 
eries management.   Fisheries  1(2): 21,  24-29. 

Cites  data  from  several  studies  to  support  the  hypothesis  that  sport  fishing  helps  people 
escape  from  stress  experienced  in  home,  neighborhood,  and  work  environments.   States  that 
there  are  strong  indications  that  stress  levels  within  many  individuals  are  increasing 
and  that  sport  fishing  is  one  way  to  relieve  stress.   Feels  that  more  research  into  the 

value  of  sport  fishing  as  a  stress-relieving  recreational  activity  is  needed  to  enable 
managers  of  sport  fisheries  to  better  provide  opportunities  for  this  recreational  activity. 

189.  Field,  Donald  R. ,  and  Neil  H.  Cheek,  Jr.   1974.   A  basis  for  assessing  differential 

participation  in  water  based  recreation.   Water  Resour.  Bull.  10(6) :1218-1227 . 

Data  from  telephone  interviews  of  adult  residents  in  western  Washington,  western  Oregon, 
and  northern  California  and  data  collected  by  observing  recreationists  using  the  coastal 
beaches  of  Olympic  National  Park,  Washington,  were  used  to  identify  factors  associated 
with  different  participation  patterns  among  recreation  user  populations.   Comparison  of 
these  data  suggests  that  recreation  sites  are  perceived  as  leisure  settings  by  both 

individuals  and  groups,  and  in  that  context  possess  a  larger  socio-cultural  meaning 
than  their  strictly  designed  intent. 
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190.  Gaumnitz,  Jack  E.,  Robert  L.  Smith,  and  John  0.  Tollefson.   1973.   Simulation  of 

water  recreation  users'  decisions.   Land  Econ.  49(3) : 269-277 . 

Assumes  that  individuals  have  patterns  of  behavior  that  they  consistently  follow  when  making 
decisions  about  the  kinds  of  recreation  facilities  to  use  and  types  of  recreational  activities 
to  engage  in  while  at  a  recreation  site.   Based  on  this  assumption  a  simulation  model  was 
developed  to  reproduce  the  same  behavior  as  an  individual  when  given  the  same  types  of 
choices  and  decisions  to  make  about  the  recreational  sites.   The  model  was  designed  with 
the  same  mechanisms  individuals  uss  to  make  decisions:  memory,  memory  search,  selection 
procedures,  and  a  set  of  decision  rules.   These  patterns  of  behavior  can  provide  managers 
with  a  powerful  tool  to  analyze  choices  and  preferences  of  a  population  for  predicting 
use  rates  at  water  recreation  facilities. 

191.  Gillespie,  Glenn  A.,  and  Durward  Brewer.   1969.   An  econometric  model  for  predicting 

water-oriented  outdoor  recreation  demand.   USDA  Econ.  Res.  Serv.  402,  15  p.   Washington, 
D.C. 

Develops  and  tests  an  econometric  model  to  estimate  future  demand  at  water  recreation  sites 
(lakes  and  streams).   To  test  the  model,  1,000  families  living  in  St.  Louis,  Missouri,  were 

randomly  selected  and  surveyed  in  1964.   The  model  correlates  socio-economic  characteristics 
of  survey  group  with  water-oriented  outdoor  recreation  activities  such  as  swimming,  fishing, 
boating,  and  water-skiing.   Concludes  income,  age,  sex,  education,  and  occupation  affect  an 

individual's  level  of  recreation  participation  and  types  of  recreational  activities  pursued. 

192.  Godfrey,  E.  Bruce,  and  Robert  L.  Peckf elder .   1972.   Recreation  carrying  capacity  and 
wild  rivers:  a  case  study  of  the  Middle  Fork  of  the  Salmon  River.   West  Agric.  Econ. 

Assoc.  Proc .  45,  p.  353-363.   Logan,  Utah. 

Based  on  a  1971  study  of  use  and  users  on  the  Salmon  Middle  Fork,  three  major  factors  were 

identified  as  necessary  considerations  for  determining  the  River's  recreational  carrying 
capacity:  (1)  Legislation — the  Wild  and  Scenic  Rivers  Act  and  the  Wilderness  Act  provide 
administrators  with  general  guidelines.   (2)  Environmental  concerns — recreationists  have 
negative  impacts  on  the  flora  and  fauna  of  the  River  environment.   (3)  User  desires — major 
reasons  given  by  recreationists  for  floating  the  River  were  solitude,  scenic  attractions, 
primitive  atmosphere,  and  white  water  adventure. 

193.  Gordon,  Douglas.  1971.  A  preliminary  socio-economic  analysis  of  hunting  in  Salmon 
River  Basin:  a  methodology  study  to  develop  evaluation  criteria  for  wild  and  scenic 
rivers.   44  p.   Water  Resour.  Res.  Inst.,  Univ.  Idaho,  Moscow,  Idaho. 

Sociological  data  and  management-oriented  information  was  collected  from  hunters  in  the 
Salmon  River  Basin  during  the  1969  hunting  season.   Expenditures  associated  with  hunting 
were  assessed.   Hunter  behavior,  preferences,  opinions,  and  place  of  residence  were 
determined.   Concludes  that  hunter  expenditures  associated  with  the  wildlife  resources 
are  vital  to  the  economy  of  the  Salmon  River  Basin.   Any  development  affecting  wildlife 

resources — providing  new  access  roads,  improving  existing  roads,  building  more  campgrounds 
and  related  facilities,  or  allowing  more  outfitters  and  guides — would  have  a  negative 
economic  impact  on  the  Basin. 

194.  Graefe,  Alan  R.   1977.   Elements  of  motivation  and  satisfaction  in  the  float  trip 
experience  in  Big  Bend  National  Park.   M.S.  thesis.   Dep.  of  Recreation  and  Parks, 
Texas  A&M  Univ.,  College  Station,  Texas.   170  p. 

Presents  results  of  a  study  of  329  river  floaters  on  the  Rio  Grande  in  Big  Bend  National 
Park  to  determine  the  inter-relation  between  motivations  and  satisfaction  in  a  float  trip 
experience.   Describes  the  most  important  motivations  as:  enjoyment,  learning  about  nature, 

stress  release/solitude,  intra-group  affiliation,  challenge/adventure/achievement/photo- 
graphy/autonomy, extra-group  affiliation,  self-awareness  and  status.   Measures  of  satis- 

faction were  obtained  by  comparing  importance  and  performance  ratings  for  each  motive. 
Concludes  that  Rio  Grande  float  trips  are  perceived  differently  by  different  individuals 
and  are  capable  of  providing  a  variety  of  types  of  float  trip  experiences. 
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195.  Gunn,  Clare  A.,  David  J.  Reed,  and  Robert  E.  Couch.   1972.   Cultural  benefits  from 
metropolitan  river  recreation  San  Antonio  prototype.   Texas  Water  Resour.  Inst.,  Tech. 
Rep.  43,  116  p.   Texas  A&M  Univ.,  College  Station,  Texas. 

Reports  the  responses  of  visitors,  developers,  and  the  voters  of  San  Antonio  to  a  recreation- 
business  development  complex  along  the  San  Antonio  River  in  downtown  San  Antonio,  Texas. 
Visitors  describe  the  river-oriented  development  as  beautiful,  uncrowded,  safe,  and  non- 

commercial.  They  claim  it  offers  opportunities  for  a  variety  of  leisure  pursuits  such  as 
solitude,  excitement,  and  sightseeing.   Developers  see  the  development  as  an  informally 
designed  landscape  with  provisions  for  many  activities  (business  and  recreation).   Voters 
feel  the  development  is  a  tourist  attraction,  is  safe  and  clean,  and  they  favor  expanding 
the  river  development  even  if  taxes  would  have  to  be  raised  to  help  pay  for  it. 

196.  Heberlein,  Thomas  A.   1977.   Density,  crowding,  and  satisfaction:  sociological  studies 
for  determining  carrying  capacities.  In   River  recreation  management  and  research  Symp. 
Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28,  p.  67-76.   North  Cent.  For.  Exp.  Stn., 
St.  Paul,  Minnesota. 

Four  types  of  carrying  capacity  are  identified:  physical,  ecological,  facilities,  and 
social.   The  importance  of  both  levels  of  technology  and  value  judgments  are  noted  for 
determining  any  of  these  capacities.   The  satisfaction  model  based  on  an  explicit  or 
implicit  adoption  of  economic  theory  by  both  researchers  and  managers  for  determining 
social  carrying  capacity  is  lacking  and  an  alternative  model  based  on  a  determination 
of  social  norms  is  proposed.   This  model  is  discussed  both  in  terms  of  recent  social 
psychological  studies  of  crowding  as  well  as  prior  assessments  of  recreation  carrying 
capacity.   Finally,  some  practical  suggestions  for  adopting  this  model  are  noted. 

197.  Heberlein,  Thomas  A.,  and  Jerry  J.  Vaske.   1977.   Crowding  and  visitor  conflict  on 

the  Bois  Brule  River.   Tech.  Rep.  WIS — WRC-77-04,  100  p.   Univ.  Wisconsin,  Madison, 
Wisconsin. 

Nearly  3,000  canoers ,  tubers,  and  fishermen  were  interviewed  as  they  left  the  Upper  Bois 
Brule  River  in  the  late  summer  of  1975  to  determine  their  perceptions  of  crowding, 
satisfaction,  and  reported  contacts  with  other  visitors.   In  spite  of  daily  use  levels 

that  were  as  high  as  308  visitors  on  a  10-mile  stretch,  there  was  no  relation  between 
use  levels  and  satisfaction.   This  study  replicates  prior  research  by  Nielson  and  Shelby 
on  Colorado   River  visitors,  and  casts  more  doubt  on  an  econometric  model  of  carrying 
capacity  based  on  an  assumed  relation  between  use  level  and  satisfaction  of  river  users. 
All  visitor  groups  expressed  similar  motivations  for  their  visits,  such  as  being  close 
to  nature,  but  differed  in  their  level  of  commitment  and  background. 

198.  Howard,  Gordon,  John  Bethea,  Jr.,  Dee  Kiger,  and  Rebecca  Richardson.   1976.   Chattooga 
River  visitor  survey.   75  p.   Dep.  Recreation  and  Park  Administration.   Coll.  For. 
and  Recreation  Resour.  Clemson  Univ.,  Clemson,  South  Carolina. 

Study  about  private  and  commercial  users  of  the  Chattooga  River  to  develop:  (1)  a  demographic 

profile  of  on-the-water-users ,  (2)  a  profile  of  water  recreation  users  expectations,  (3)  a 
profile  on  users  reactions  to  management  options,  and  (4)  a  profile  on  users  perception  of 
river  congestion.   Study  found  that  there  is  a  difference  between  commercial  and  private 
users  and  their  views  toward  management  options.   Commercial  users  rejected  8  out  of  13 
but  private  users  rejected  15  out  of  21  proposed  management  options  and  showed  no  majority 
concurrence  on  the  remaining  six.   This  difference  may  be  accounted  for  partially  because 
commercial  users  show  their  willingness  to  be  managed  by  electing  to  use  a  commercial 
service. 

199.  James,  George  A.,  H.  Peter  Winkle,  and  James  D.  Griggs.   1971.   Estimating  recrea- 
tion use  on  large  bodies  of  water.   USDA  For.  Serv.  Res.  Pap.  SE-79,  7  p.   Southeast. 

For.  Exp.  Stn.,  Asheville,  North  Carolina. 

Describes  a  pilot  sampling  technique,  originally  tested  on  East  Lake  and  Paulina  Lake  in 

Oregon  in  1968,  for  estimating  recreational  use  on  large  bodies  of  water.   Includes  recom- 
mendations for  future  sampling.   Sampling  technique  included  both  ground  observation  and 

aerial  counts  of  boats  on  the  Lakes.   Technique  has  application  to  measuring  recreational 
use  on  rivers. 
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200.  James,  George  A.,  Nelson  W.  Taylor,  and  Melvin  L.  Hopkins.  1971.  Estimating  recrea- 
tional use  of  a  unique  trout  stream  in  the  coastal  plains  of  South  Carolina.   USDA 

For.  Serv.  Res,  Note  SE-159,  1  p.   Southeast.  For.  Exp.  Stn. ,  Asheville,  North  Carolina. 

Presents  results  of  a  study  conducted  to  estimate  fishing  use  on  a  small  trout  stream  in 
South  Carolina.   Simple  random  sample  estimation  procedures  were  tested  and  information 
was  obtained  for  further  refinement  in  use  and  cost  estimation  for  trout  fishing.   Use 
was  highly  localized  and  only  small  costs  were  involved  for  fishing.   Recreation  and 
intangible  benefits  outweighed  economic  expenditures  by  fishermen. 

201.  Kaplan,  Rachel.   1977.   Down  by  the  riverside:  informational  factors  in  waterscape 
preference.  In   River  recreation  management  and  research  Symp.  Proc .   USDA  For.  Serv. 

Gen.  Tech.  Rep.  NC-28,  p.  285-289.   North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Suggests  that  people  like  rivers  and  riversides  because  they  provide  both  a  sense  of  order- 
liness and  a  sense  of  involvement  and  mystery.   The  recreation  value  of  rivers  extends  far 

beyond  fishermen,  boaters,  and  other  traditional  users.   Even  unspectacular  rivers  provide 
a  source  of  enjoyment  and  tranquility  for  many  who  use  only  the  riverbank,  view  the  river 

from  afar,  or  who  only  know  that  it  is  "there"  and  available.   Stresses  that  because  these 
passive  users  experience  benefits  similar  to  active  users,  their  requirements  deserve 
attention  in  design  and  management  decisions.   Suggests  that  ways  must  be  found  to  involve 

passive  users  in  decision-making  so  their  diverse  needs  and  concerns  will  not  be  overlooked. 

202.  Knopf,  Richard  C,  B.  L.  Driver,  and  John  R.  Bassett.   1973.   Motivations  for  fishing. 

In   38th  North  American  wildlife  and  natural  resources  Conf.  Trans,  p.  191-204.   March 
18-21,  1973.   Washington,  D.C.   Published  by  Wildlife  Management  Institute. 

Discusses  why  people  fish  and  engage  in  other  recreation  activities.   Proposes  that  recrea- 
tion management  problems  should  be  approached  from  a  behavioral  point  of  view.   Identifies 

important  forces  that  influence  how  people  spend  their  leisure  time  and  discusses  progress 
in  developing  techniques  for  identifying  and  measuring  recreational  motives  relevant  to 
managers.   Illustrates  the  use  of  these  techniques  to  learn  what  motivates  select  groups 
of  fishermen  in  Michigan.   Concludes  that  increasing  numbers  of  outdoor  recreationists  are 
using  natural  areas  to  temporarily  resolve  problems  experienced  at  home  and  that  serious 
consideration  should  be  given  to  the  degree  to  which  opportunities  should  be  provided  in 
resolving  these  problems. 

203.  Lee,  John.   1975.   Collection  and  analysis  of  visitor  use  information:  proposed  upper 
Missouri  wild  and  scenic  river.   32  p.   West.  Interstate  Comm.  Higher  Educ .  and  Dep. 
Recreation  Park  Manage.  Univ.  Oregon,  Eugene,  Oregon. 

Presents  data  on  visitor  use  from  a  1975  study  on  the  upper  Missouri  River  by  the  Bureau  of 
Land  Management.   Describes  patterns  of  visitor  use  and  develops  user  profiles  based  on 

socio-economic  characteristics.   Makes  suggestions  on  regulating  river  use  and  provides 
guidelines  to  develop  an  informational  guide  for  river  floaters. 

204.  Lime,  David  W.   1971.   Factors  influencing  campground  use  in  the  Superior  National 

Forest  of  Minnesota.   USDA  For.  Serv.  Res.  Pap.  NC-60,  18  p.   North  Cent.  For.  Exp. 
Stn.,  St.  Paul,  Minnespta, 

From  a  study  of  campground  use  in  1967  and  1968,  relations  were  determined  between  the 
intensity  of  use  and  74  site  and  location  characteristics.   Campers  were  interviewed  to 

learn  what  factors  influenced  their  choice  of  a  particular  campground.   Outlines  recommen- 
dations to  managers  and  discusses  topics  for  further  research. 

205.  Lime,  David  W.  1972.  Large  groups  in  the  Boundary  Waters  Canoe  Area — their  numbers, 
characteristics,  and  impact.  USDA  For.  Serv.  Res.  Note  NC-142,  4p.  North  Cent.  For. 
Exp.  Stn.,  St.  Paul,  Minnesota. 

Discusses  the  impact  of  "large"  parties  in  the  BWCA  in  terms  of  their  effect  on  the  resource 
and  on  the  experience  of  other  visitors.   Describes  the  amount  of  use  by  large  groups  and 
the  visitors  most  likely  to  be  affected  by  various  party  size  limitations. 
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206.  Lime,  David  W.   1975.   Sources  of  congestion  and  visitor  dissatisfaction  in  the 
Boundary  Waters  Canoe  Area.  In   Quetico-Superior  Foundation  1975  Institute  on  the 
Boundary  Waters  Canoe  Area  Proc.   p.  68-82.   May  9,  1975,  Duluth,  Minnesota. 
Quetico-Superior  Foundation,  Minneapolis,  Minnesota. 

Summarizes  trends  in  visitor  use  since  the  advsnt  of  the  Wilderness  Permit  in  1966.   Also 
reviews  a  1971  study  of  visitor  attitudes  and  perceptions  of  crowding.   Concludes  that 
shifts  in  use  suggest  a  greater  significance  of  the  Boundary  Waters  Canoe  Area  as  a  national 
wilderness  resource.   Discusses  several  management  actions  to  reduce  crowding. 

207.  Lucas,  Robert  C.   1964.   The  recreational  capacity  of  the  Quetico-Superior  area. 
USDA  For.  Serv.  Res.  Pap.  LS-15,  3A  p.   Lake  States  For.  Exp.  Stn.,  St.  Paul,  Minnesota, 

Visitor  use  of  wilderness  continues  to  grow  each  year,  raising  the  question  of  recreational 
capacity  and  what  are  acceptable  limits  of  use.   Wilderness  qualities  were  the  main  attrac- 

tion for  canoe  trippers;  other  visitors  considered  fishing  or  scenery  primary.   Canoeists 
saw  the  wilderness  as  smaller  than  other  visitors.   Canoeists  also  felt  the  wilderness 
was  overcrowded  at  lower  levels  of  use  and  objected  strongly  to  motorboats.   A  method  for 
measuring  capacity  indicated  total  use  is  close  to  capacity,  but  more  area  is  underused 
than  overused.   Use  projections  point  to  severe  overuse.   Implications  for  zoning  and 
visitor  regulations  are  discussed. 

208.  Lucas,  Robert  C.   1964.   Wilderness  perception  and  use:  the  example  of  the  Boundary 
Waters  Canoe  Area.   Nat.  Resour.  J.  3 (3) :394-411. 

Examines  the  perception  of  wilderness  by  visitors  to  Minnesota's  Boundary  Waters  Canoe 
Area.   Discusses  conflicts  between  user  groups  and  between  management  policies  and  visitors. 
Compares  perceptions  of  wilderness  held  by  resource  managers  and  various  user  groups.   Out- 

lines possible  management  alternatives  for  this  area  and  similar  wildland  settings. 

209.  Lucas,  Robert  C.   1970.   User  evaluation  of  campgrounds  on  two  Michigan  national 

forests.   USDA  For.  Serv.  Res.  Pap.  NC-44,  15  p.   North  Cent.  For.  Exp.  Stn., 
St.  Paul,  Minnesota. 

Campground  use  on  the  Huron  and  Manistee  National  Forests  was  studied  in  relation  to  resource 
characteristics,  location,  facilities  provided,  and  visitor  attitudes  about  the  environment. 
Applies  regression  analysis  to  explain  variation  in  campground  use  per  unit.   Compares 
visitor  ratings  of  quality  to  nationwide  Forest  Service  recreation  resource  inventories. 

210.  Maine  Department  of  Conservation,  Bureau  of  Parks  and  Recreation.   1974.   1973  survey 
of  Allagash  Wilderness  Waterway  visitor  use  and  visitor  use  characteristics.   64  p. 
Augusta,  Maine. 

Presents  results  of  surveys  conducted  in  1967  and  1972  of  use  on  Maine's  Allagash  Wilder- 
ness Waterway.   Data  were  collected  on  patterns  of  use  and  characteristics  and  motives  of 

river  users.   Presents  trends  in  visitor  use  since  1966.   Concludes  that  because  of  conges- 
tion and  user  conflicts,  efforts  should  be  made  to:  (1)  redistribute  use  over  time  and 

space,  (2)  separate  small  and  large  groups,  and  (3)  develop  separate  sites  for  vehicle 
camping  and  picnicking  from  river  floaters. 

211.  Matzat,  Howard,  John  Benedict,  and  Dennis  Myers.   1974.   Land  management  report  of 
users  along  the  Stanislaus,  Mokelumne,  and  Merced  Rivers,  during  1974.   27  p.   Bur. 
Land  Manage.,  Folsom  Dist.,  Folsom,  California. 

Reports  results  of  a  1974  spring  survey  of  recreation  use  on  the  Stanislaus,  Mokelumne, 
and  Merced  Rivers  of  California.   Also  presents  a  method  for  collecting  future  recreation 
use  data. 
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212.  McCool,  Stephen  F.   1972.   Concept  plan  recommendations:  Apple  River  recreation  area. 
Tech.  Rep.  1,  12  p.   Univ.  Wisconsin,  River  Falls,  Wisconsin. 

Describes  tubing  activities  and  high-density  use  on  the  Apple  River  near  Somerset,  Wisconsin. 
In  1971,  an  estimated  5,000  persons  per  hour  floated  on  inner  tubes  down  a  short  stretch  of 
the  Apple  River.   Concludes  current  overuse  requires  user  control  and  management.   Delineates 

a  means  of  correcting  the  overuse  problem  through  a  method  of  self-management  by  the  users. 

213.  McCool,  Stephen  F. ,  and  Lawrence  C.  Merriam,  Jr.  1970.  Factors  associated  with 
littering  in  the  Boundary  Waters  Canoe  Area.  Minnesota  For.  Res.  Note  218,  4  p. 
Sch.  For.,  Univ.  Minnesota,  St.  Paul,  Minnesota. 

Defines  those  variables  most  meaningfully  related  to  sensitivity  about  litter  and  compliance 
with  littering  regulations.   Discusses  the  role  of  outfitters  in  communicating  and  reinforcinj.) 
norms.   Examines  the  need  for  managers  to  establish  relations  with  nonoutfitted  groups  in 
order  to  gain  compliance. 

214.  McCool,  Stephen  F. ,  and  Lawrence  C.  Merriam,  Jr.   1970.   Travel  method  preferences  of 
BWCA  campers.   Minnesota  For.  Res.  Note  219,  4  p.   Sch.  For.,  Univ.  Minnesota,  St.  Paull 
Minnesota. 

Probes  the  extent  to  which  canoeists  and  motor  boaters  are  satisfied  with  their  method  of 

travel.   Examines  the  reactions  of  people  toward  other  travel  methods  and  discusses  future 
patterns  of  use  and  management  implications. 

215.  McCool,  Stephen  F. ,  and  Lawrence  C.  Merriam,  Jr.   1971.   Camper-outfitter  interaction 
and  the  Boundary  Waters  Canoe  Area,  Superior  National  Forest,  Minnesota.   Minnesota 
For.  Res.  Note  225,  4  p.   Sch.  For.,  Univ.  Minnesota,  St.  Paul,  Minnesota. 

Focuses  on  describing  the  communication  processes  of  outfitters  and  wilderness  visitors.   In 

particular,  identifies  visitors'  information  sources  and  levels  of  knowledge  about  the  Area 
and  their  attitudes  on  several  important  management  policy  issues. 

216.  McCool,  Stephen  F. ,  and  S.  M.  Haydock.   1976.   Hikers  of  the  Virgin  River  Narrows,  Ziom 
National  Park.   Institute  for  the  Study  of  Outdoor  Recreation  and  Tourism.   80  p.   Utah 
State  Univ.,  Logan,  Utah. 

Presents  results  of  a  1976  summer  study  of  day  users  and  campers  hiking  in  the  Narrows.   Datajt 
were  collected  and  analyzed  on:  (1)  total  recreational  use  of  the  area,  (2)  socio-demographic 
characteristics  of  users,  (3)  recreational  activity  patterns,  and  (4)  perception  of  users  to 
hazards  in  the  Narrows.   Results  showed  that  campers  in  the  Narrows  tended  to  be  former  day 
users.   Also,  although  more  than  half  the  users  were  aware  of  the  severe  flash  flood  hazard 
in  the  area  during  the  summer  months,  they  were  unaware  of  the  probability  of  such  a  flood 

occurring.  j 

217.  Merriam,  L.  C,  Jr.,  and  Timothy  B.  Knopp.   1977.   The  complex  uses  of  an  accessible 

river — the  Kettle  of  Minnesota.  In   River  recreation  management  and  research  Symp. 
Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28,  p.  312-319.   North  Cent.  For.  Exp.  Stn,, 
St.  Paul,  Minnesota. 

Minnesota's  Kettle  River  provides  a  wide  range  of  recreation  attractions — Whitewater  kayaking, 
canoeing,  fishing,  and  boating — within  100  miles  of  the  Minneapolis-St .  Paul  metropolitan  area 
Initial  results  of  a  1975-1976  study  to  develop  baseline  visitor  data  and  a  means  of  monitoric 
use  suggest  a  complex  of  uses,  visitor  types,  and  river  conditions. 

218.  Minnesota  Outdoor  Recreation  Resources  Commission.   1965.   Recreational  use  of  the 

St.  Croix  River.   MORRC  Study  Rep.  11,  42  p.   St.  Paul,  Minnesota. 

A  geographical  and  recreational  description  of  the  St.  Croix  watershed,  including  an  inventory 
of  recreation  sites,  general  land  uses,  and  ownership  patterns  is  provided.   Reviews  laws  and 
studies  related  to  recreational  use  of  the  St.  Croix.   Presents  selected  recreation  use 
statistics . 
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219.  More,  Thomas  A.,  Robert  0.  Brush,  and  J.  Alan  Wagar.  1977.  Variation  and  recreation 
quality  in  river  management.  In  River  recreation  management  and  research  Symp.  Proc. 
USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28,  p.  329-333.   North  Cent.  For.  Exp.  Stn. , St.  Paul,  Minnesota. 

Suggests  that  variability  in  the  river  environment  is  a  major  determinant  of  the  quality  of 
river  recreation  experiences.   Four  main  sources  of  variation  exist  for  river  canoeing: 
psycho-social,  landscape,  river,  and  the  activity  itself.   By  considering  how  these  sources 
of  variation  interact,  suggests  that  it  should  be  possible  to  affect  the  quality  of  the 
recreation  experience  and  accomplish  other  management  objectives  as  well. 

220.  Munley,  Vincent  G. ,  and  V.  Kerry  Smith.  1976.  Learning-by-doing  and  experience:  the 
case  of  Whitewater  recreation.   Land  Econ.  52  (4) :545-553. 

A  household  production  model  is  used  to  show  the  impact  of  user  experience  on  consumer 
ehavior.   Suggests  that  the  more  often  an  individual  engages  in  an  activity,  such  as  White- 

water boating,  the  more  skilled  the  person  becomes  at  the  activity  and  the  more  demanding 
the  person  is  of  a  recreational  site's  services.   Concludes  that  as  experience  and  skill 
increase,  a  positive  effect  on  the  person's  willingness  to  pay  is  observed  but  tends  to 
level  off  as  the  desired  degree  of  skill  is  reached. 

221.  Nicolson,  J.  A.,  and  A.  C.  Mace,  Jr.  1975.  Water  quality  perception  by  users:  can 
it  supplement  objective  water  quality  measures?  Water  Resour.  Bull.  11(6) :1197-1207. 

Personal  interviews  were  conducted  with  80  campers  in  each  of  3  Minnesota  State  Parks  to 
find  how  users  perceived  the  quality  of  the  water.   Water  quality  factors  were  measured  or 
observed  as  an  indication  of  conditions  experienced  by  the  recreation  users.   Results 
indicate  most  people  perceive  water  pollution  on  a  visual  basis  only.   Most  felt  that 
recreational  activity  did  not  contribute  to  water  pollution.   Two-thirds  of  the  respon- 

dents felt  their  water  recreation  was  not  curtailed  by  water  pollution. 

222.  Nielsen,  Joyce  McCarl,  Bo  Shelby,  and  J.  Eugene  Haas.  1975.  Sociological  carrying 
capacity  and  the  last  settler  syndrome.  Colorado  River  Res.  Ser.  Contrib.  8,  24  p. 
Human  Ecol.  Res.  Serv.,  Boulder,  Colorado. 

Reviews  literature  on  social  carrying  capacity  and  concludes  that  problems  exist  when  trying 
to  quantify  capacity.   Suggests  that  traditional  user  satisfaction  models  are  probably 

inadequate  to  explain  social  carrying  capacity.   First-time  users  to  a  recreational  area 
may  have  one  threshold  for  crowding  whereas  persons  who  have  visited  a  site  more  than  once 
probably  have  a  different  threshold  for  crowding. 

223.  Nielsen,  Joyce  McCarl,  and  Bo  Shelby.   1977.   River-running  in  the  Grand  Canyon:  how 
much  and  what  kind  of  use.  In   River  recreation  management  and  research  Symp.  Proc. 

USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28,  p.  178-182.   North  Cent.  For.  Exp.  Stn., 
St.  Paul,  Minnesota. 

Management  issues  relating  to  amount  and  kind  of  river-running  use  on  the  Colorado  River 
in  the  Grand  Canyon  were  investigated  in  1975.   Results  show  that  use  levels  affect  number 

of  inter-group  contacts,  but  number  of  contacts  has  little  effect  on  perceived  crowding  or 
user  satisfaction.   Describes  probable  effects  of  an  increase  in  oar  trips. 

224.  Peckf elder,  Robert  L.   1973.   Wild  river  perception  and  management:  a  study  of  users 
and  managers  of  the  Middle  Fork  of  the  Salmon  River.   Scenic  Rivers  Study  Rep.  8, 
108  p.   Water  Resour.  Inst.,  Univ.  Idaho,  Moscow,  Idaho. 

During  the  summer  float  season  of  1971,  questionnaires  were  administered  about  the  perceptions 
river  managers  have  concerning  the  characteristics  and  attitudes  of  river  floaters  and  the 

perceptions,  attitudes,  and  characteristics  river  floaters  have  about  themselves  and  river 

management.   Data  analysis  show  that  Middle  Fork  River  managers  are  in  tune  with  floaters  on 

their  personal  outlook  of  river  management  but  have  a  poor  idea  of  floaters'  personal  charac- 
teristics.  Significantly  more  floaters  than  managers  felt  solitude  should  be  an  important 

part  of  the  river  experience. 
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225.  Peterson,  George  L.   1974.   A  comparison  of  the  sentiments  and  perceptions  of  wilderness 
managers  and  canoeists  in  the  Boundary  Waters  Canoe  Area.   J.  Leisure  Res.  6(3) :194-206 . 

Wilderness  managers  and  summer  canoeists  were  studied  to  determine  whether  the  two  groups 
differ  in  their  wilderness  motivations,  attitudes,  preferences,  and  perceptions  of  the 
Boundary  Waters  Canoe  Area.   Study  indicates  that  managers  have  more  varied  motivations  and 
more  knowledge  about  the  Area.   Canoeists  have  an  inflated  image  of  the  wilderness  character 
of  the  Area  but  are  more  demanding  in  their  expectations  and  use  different  criteria  to 
evaluate  recreational  performance.   The  managers  seem  to  be  more  cautious  and  realistic  and 
less  romantic  and  fanciful  than  the  canoeists  in  their  preferences  for  wilderness  activities.  I 
Concludes  that  because  of  these  differences,  management  services  will  be  less  than  optional    i 

if  the  manager's  decisions  reflect  his  own  attitudes  and  perceptions.  ' 

226.  Peterson,  George  L.,  and  Edward  S.  Neumann.   1969.   Modeling  and  predicting  human 

response  to  the  visual  recreation  environment.   J.  Leisure  Res.  1(3) : 219-237 . 

A  method  to  predict  user  preferences  for  the  visual  recreation  environment  is  proposed. 
Quantitative  preference  functions  that  respond  sensitively  to  individual  differences  and 
characteristics  of  the  environment  are  developed. 

227.  Pfister,  Robert  E.   1977.   Campsite  choice  behavior  in  the  river  setting:  a  pilot 
study  on  the  Rogue  River,  Oregon.  In   River  recreation  management  and  research  Symp . 

Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28,  p.  351-358.   North  Cent.  For.  Exp.  Stn., 
St.  Paul,  Minnesota. 

The  relation  of  campsite  choice  to  the  natural  characteristics  of  campsites  was  analyzed 

along  the  Rogue  River  in  Oregon.   Two  regression  models — for  commercial  and  noncommercial 
camping  parties — were  formulated  relating  campsite  choice  to  13  site  characteristics  of 
river  terraces.   Of  the  five  significant  variables  selected  for  each  model,  three  were  the 
same:  size  of  the  campsite,  size  of  the  tributary  providing  potable  water  to  the  location, 
and  a  rating  of  beach  area  available  for  landing  a  boat. 

228.  Pfister,  Robert  E.,  and  Robert  E.  Frenkel.   1974.   Field  investigations  of  river  use 
within  the  wild  river  area  of  the  Rogue  River,  Oregon.   Rogue  River  Study  Rep.  1, 
108  p.   Dep.  Geogr.,  Oregon.   State  Univ.,  Corvallis,  Oregon. 

Summarizes  1974  field  survey  to  determine  recreational  carrying  capacity  and  use  levels 
along  the  federally  designated  wild  area  of  the  Rogue  River.   Revealed  differences  between 
commercial  and  noncommercial  river  travelers  with  respect  to  occupation,  number  of  previous 
river  trips,  and  membership  in  conservation  organizations.   Differences  were  also  noted  in 

commercial  and  noncommercial  user's  attitudes  towards  levels  of  crowding  and  potential  use 
restrictions.   River  campsites  were  inventoried  with  respect  to  availability  of  potable 
water  and  enough  flat  ground  to  accommodate  a  camping  party  of  four. 

229.  Recreation  Resource  Consultants.   1972.   1971  Michigan  recreational  boating  study. 
Recreation  Res.  Consultants  Rep.  2,  128  p.   East  Lansing,  Michigan. 

Presents  results  of  the  fourth  Statewide  boating  survey.   Questionnaires  were  used  to  obtain 
information  on  the  amount,  distribution,  and  nature  of  recreational  boating  by  registered 
boaters  in  1971.   Estimates  probable  future  boating  use  in  Michigan  and  develops  computer 
mapping  techniques  to  show  current  and  future  distribution  of  boat  use.   Logistical  problems 
of  three  previous  Michigan  boating  studies  are  reviewed  and  recommendations  are  given  on 
ways  to  improve  future  studies. 

230.  Reed,  David  J.   1976.   The  San  Antonio  River  Walk:  a  user  and  environmental  analysis. 
J.  Soil  Water  Conserv.  31(l):28-30. 

Reflects  on  the  impact  and  effect  of  urban  water  development  on  users.   Generally,  user 
attitudes  to  urban  river  development  are  positive.   Suggests  diversity  in  design  and 
development  for  success  of  urban  river  walkways. 

42 

I 



231.  Roggenbuck,  Joseph  W.   1975.   Socio-psychological  inputs  into  carrying  capacity 
assessments  for  float-trip  use  of  Whitewater  rivers  in  Dinosaur  National  Monument. 
309  p.   Ph.D.  diss.   Dep.  For.  and  Outdoor  Recreation,  Utah  State  Univ.,  Logan,  Utah. 

Examines  potential  management  strategies,  perceptions  of  crowding,  and  sources  of  satisfac- 
tion for  river  users  on  the  Green  and  Yampa  Rivers  in  1975.   Different  identifiable  user 

groups  varied  in  their  responses  to  questions  concerning  recreational  use  of  Whitewater 
rivers  as  a  function  of  differing  expectations  for  the  recreational  experience. 

232.  Roggenbuck,  Joseph  W. ,  and  Richard  M.  Schreyer.   1977.   Relations  between  river  trip 
motives  and  perception  of  crowding,  management  preference,  and  experience  satisfaction. 
In   River  recreation  management  and  research  Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech. 
Rep.  NC-28,  p.  359-364.   North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

River-floaters  in  Dinosaur  National  Monument  were  interviewed  during  the  summer  of  1975. 
Trip  motives,  in  descending  order  of  importance  to  users,  were:  action/excitement,  learning 
about  nature,  stress  release/solitude,  affiliation,  autonomy/achievement,  self-awareness, 

and  status.   User  scores  on  the  motive-scales  were  related  to  user  perceptions  of  river 
crowding,  opinions  on  appropriate  maximum  group-size,  campsite  development  strategies, 
river  management  techniques,  and  user  satisfaction.   A  number  of  correlations  were 

statistically  significant,  though  relations  tended  to  be  weak.   Management  implications 
are  also  discussed. 

233.  Schafer,  Thomas  G.   1975.   Management  alternatives  for  the  improvement  of  canoeing 
opportunities  and  the  resolution  of  problems  relating  to  the  recreational  use  of 
rivers.   Ohio  Dep.  Nat.  Resour.  Tech.  Rep.  5,  181  p.   Off.  Plann.  Res.,  Columbus, 
Ohio. 

A  three-phase  study  was  conducted  during  1974  in  an  effort  to  evaluate  the  needs  and  problems 
associated  with  canoeing  in  Ohio.   The  first  phase  was  to  gather  information  about  other 

States'  canoe  programs  to  serve  as  a  source  of  data  on  manager's  viewpoints  of  how  river 
recreation  use  and  users  should  be  managed.   Phase  two  was  to  survey  1,000  Ohio  canoe  owners 
to  identify  their  attitudes  about  management  alternatives  to  problems  of  increased  canoe  use 

on  Ohio's  rivers.   The  final  phase  was  to  review  and  analyze  phases  one  and  two.   Results  of 
phase  three  identified  the  following  alternatives  to  control  use  on  the  State's  rivers: 
institute  a  permit  system,  increase  the  number  of  facilities  and  access  points  along  some 

rivers,  provide  more  campsites  along  rivers,  and  publish  a  "Guide  to  Ohio's  Canoe  Trails". 

234.  Schreyer,  Richard.   1977.   Satisfaction  and  user  input  to  management.   Utah  Tourism 

and  Recreation  Rev.  6(1): 1-7. 

Proposes  that  the  effectiveness  of  management  decisions  may  be  assessed  by  analyzing  user 

input  and  scientific  data.   Defines  recreation  behavior  and  its  main  factors — past  experience, 
expectations,  and  satisfaction.   States  that  it  is  possible  to  associate  recreational  oppor- 

tunities (canoeing,  river  running)  with  specific  experiences  (solitude,  excitement)  and 
that  it  is  possible  to  manage  for  the  experiences.   Also  includes  results  from  a  1975  study 
on  the  Green  and  Yampa  Rivers  in  Dinosaur  National  Park  on  recreation  behavior  and  rivers. 

235.  Schreyer,  Richard,  Joseph  W.  Roggenbuck,  Stephen  F.  McCool,  Lawrence  C.  Royer,  and 
Jay  Miller.   1976.   The  Dinosaur  Whitewater  river  recreation  study.   165  p.   Institute 
for  the  Study  of  Outdoor  Recreation  and  Tourism  Dep.  For.  and  Outdoor  Recreation. 
Utah  State  Univ.,  Logan,  Utah. 

Reports  the  results  of  a  1975  study  of  users  of  the  Green  and  Yampa  Rivers  in  Dinosaur 
National  Monument.   Users  were  predominantly  first  time  floaters  and  were  overwhelmingly 
satisfied  with  the  trip.   Their  most  important  expectations  for  the  trip  were  found  to  be 
action/excitement,  experiencing  nature,  and  stress  release/solitude.   Recommends  action 
managers  can  take  to  satisfy  users  but  still  minimize  the  effects  of  crowding  and  maintain 
a  quality  experience. 
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236.  Seitz,  William  K. ,  III.   1974.   Patterns  of  recreational  use  and  characteristics  of 

users  of  the  Upper  Iowa  River.   Ph.D.  diss.  Iowa  State  Univ.,  Ames,  Iowa.   193  p. 

Examines  recreational  use  on  a  74-mile  section  of  the  Upper  Iowa  River  in  northern  Iowa 
during  1972-1973.   Data  collected  through  personal  interviews  with  river  users  and  aerial 
counts  were  analyzed  to  identify  the  characteristics  of  users,  use  patterns,  and  user 
perceptions.   Canoeing  was  the  most  popular  and  camping  was  the  second  most  popular 
activity.   Most  canoeists  used  the  river  on  weekends  and  holidays.  Most  users  felt  the 
river  was  becoming  too  crowded  but  wanted  more  facilities  (campsites,  tables,  toilets, 
etc.)  provided.   Suggests  that  canoeing  be  dispersed  more  evenly  to  alleviate  crowding. 

237.  Seitz,  William  K. ,  and  Robert  B.  Dahlgren.   1975.   Water-based  recreational  use 
patterns  of  the  Upper  Iowa  River.   Iowa  State  J.  Res.  50(2) :131-145. 

Describes  a  1972-1973  study  of  recreational  use  on  the  Upper  Iowa  River.   Canoeing,  camping, 
fishing,  and  trapping  activities  were  recorded  and  each  were  found  to  occur  in  distinct 
areas  of  the  River  (i.e.,  canoeing  did  not  occur  where  trapping  was  popular).   Canoeists 
and  campers  used  the  River  more  than  fishermen  or  trappers.   More  than  half  of  the  canoeing 
and  camping  was  on  weekends  and  holidays . 

238.  Shafer,  Elwood  L.,  Jr.,  John  F.  Hamilton,  Jr.,  and  Elizabeth  A.  Schmidt.   1969. 

Natural  landscape  preferences:  a  predictive  model.   J.  Leisure  Res.  1(1): 1-19. 

People  visiting  the  Adirondack's  of  New  York  State  were  interviewed  during  the  summer  of 
1967  to  identify  significant  quantitative  variables  in  photographs  that  relate  to  public 
preferences  for  landscapes.   Using  factor  analysis  and  multiple  regression  techniques,  an 
equation  was  developed  that  accounts  for  the  majority  of  variation  in  preference  scores 

of  landscape  photos.   Both  the  applicability  of  the  model  to  resource  planning  and  manage- 
ment and  its  limitations  are  discussed.   Method  has  possible  application  for  identifying 

riverscape  characteristics  preferred  by  recreation  users. 

239.  Shaffer,  Ron  E. ,  and  Stephen  F.  McCool.   1973.   Who's  tubing  down  the  Apple?   Tech. 
Rep.  4,  31  p.   Univ.  W^isconsin,  River  Falls,  Wisconsin. 

Reports  on  the  socio-economic  characteristics  of  persons  using  innertubes  to  float  the 
Apple  River  in  west-central  Wisconsin  during  1971-1972.   In  1971  social  profiles  and  user 
attitudes  were  identified;  in  1972  the  economic  impact  of  floaters  on  the  local  community 
was  examined.   Discusses  interest  of  weekend  and  weekday  users  for  more  lodging  and  eating 
facilities  in  the  immediate  area.   But  found  floaters  contributed  little  revenue  to  the 

local  economy. 

240.  Shelby,  Bo.   1975.   Social-psychological  effects  of  motorized  travel  in  wild  areas: 
the  case  of  river  trips  in  the  Grand  Canyon.   66  p.   Human  Ecol.  Res.  Serv.,  Inc., 
Boulder,  Colorado. 

Reports  results  of  two  studies  to  evaluate  potential  motor/oar  conflicts  on  the  Colorado 
River  through  Grand  Canyon  National  Park,  Arizona:  a  pilot  study  in  1974  and  a  field 
study  in  1975.  Data  from  visitors  traveling  both  by  motor  and  oar  power  indicated  that 

trip  experiences  differ  on  a  number  of  characteristics  including  participant's  background, 
opinions  about  motorized  watercraft,  number  of  encounters  with  other  parties,  and  camping 
styles.   Combination  motor  and  oar  powered  trips  were  developed  to  observe  same  group 
behavior  in  both  situations  and  to  identify  individuals  preferences  for  one  type  of  trip 
or  the  other.   Floaters  on  combined  motor  and  oar  powered  trips  expressed  a  preference 
for  the  oar  trip. 
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241.  Shelby,  Byron  B.   1976.   Social  psychological  effects  of  crowding  in  wilderness; 
the  case  of  river  trips  in  the  Grand  Canyon.   Ph.D.  diss.  Dep.  Sociol.,  Univ. 
Colorado,  Boulder,  Colorado.   180  p. 

The  effects  of  different  use  levels  on  crowding  are  discussed  based  on  data  collected  on 
river  trips  in  the  Grand  Canyon.   The  carrying  capacity  model  traditionally  applied  to 
wilderness  recreation  is  outlined,  and  then  compared  to  a  more  general  crowding  model 
derived  from  research  in  other  areas.   Use  levels  have  a  pervasive  effect  on  intergroup 
contacts,  which  in  many  ways  define  the  "character"  of  the  river  experience.   However, 
neither  use  levels  nor  contacts  affect  perception  of  crowding,  and  none  of  these  variables 
affect  passengers  overall  rating  of  the  trip. 

242.  Shelby,  Bo,  and  Joyce  McCarl  Nielsen.  1976.  Design  and  method  of  the  sociological 
research  in  the  Grand  Canyon.  River  Contract  Study  Final  Rep.  Part  I,  32  p.  Human 
Ecol.  Res.  Serv.,  Inc.,  Boulder,  Colorado. 

A  pilot  study  of  11  trips  was  conducted  during  the  1974  river  running  season  on  the  Colorado 
River  through  Grand  Canyon.   Final  data  was  collected  during  the  1975  season  by  a  stratified 
random  sample  of  46  commercial  trips  (39  motor  and  7  oar)  and  7  private  trips.   Four  self- 
selected  motor-oar  combination  trips  provided  additional  data.   Information  sources  included 
Park  Service  use  records,  trip  reports  by  observers,  and  questionnaires  and  interviews  from 
passengers  and  boatmen. 

243.  Shelby,  Bo,  and  Joyce  McCarl  Nielsen.   1976.   Motors  and  oars  in  the  Grand  Canyon. 
River  Contract  Study  Final  Rep.  Part  II,  42  p.   Human  Ecol.  Res.  Serv.,  Inc.,  Boulder, 
Colorado. 

The  effects  of  motor  and  oar  trips  in  the  Grand  Canyon  are  discussed.   Brief  history  of  the 

controversy  over  motorized  river  travel  is  presented.   Data  on  motor-oar  differences  come 
from  two  sources:  people  who  were  on  either  a  motor  or  oar  powered  trip  and  people  who  were 
on  a  combination  motor  and  oar  powered  trip.   Combination  trip  passengers  reported  a  clear 
preference  for  the  oar  trip.   Implications  for  management  are  that  (1)  oar  travel  appears 
nore  compatible  with  the  wilderness  experience,  and  (2)  a  major  increase  in  the  proportion 
of  oar  travel  would  cause  a  number  of  changes  in  the  river  running  scene. 

244.  Shelby,  Bo,  and  Joyce  McCarl  Nielsen.   1976.   Use  levels  and  crowding  in  the  Grand 
Canyon.   River  Contract  Study  Final  Rep.  Part  III,  51  p.   Human  Ecol.  Res.  Serv., 
Inc.,  Boulder,  Colorado. 

Use  levels  affect  the  character  of  the  river  experience.   Most  river  travelers  define  the 
Canyon  and  their  trip  as  wilderness,  and  most  perceive  the  Canyon  as  uncrowded.   However, 

perception  of  crowding  is  independent  of  actual  contact  levels,  and  user  satisfaction  is 
Unrelated  to  either  perceived  crowding  or  number  of  encounters.   The  lack  of  relation 
among  these  variables  is  attributed  to  the  lack  of  agreement  about  how  crowded  the  Canyon 

should  be.   Trip  satisfaction  was  based  on  personal  benefits,  social  atmosphere,  and  wilder- 
ness character  the  trip  provided.   Suggests  that  effective  management  of  crowding  should 

emphasize  controlling  the  character  of  the  river  experience. 

245.  Shelby,  Bo,  and  Joyce  McCarl  Nielsen.   1976.   Private  and  commercial  trips  in  the 
Grand  Canyon.   River  Contract  Study  Final  Rep.  Part  IV,  30  p.   Human  Ecol.  Res. 
Serv.,  Inc.,  Boulder,  Colorado. 

Discusses  the  history  of  the  private-commercial  river  trip  controversy  and  summarizes 
arguments  on  both  sides.   Private  and  commercial  users  differ  on  a  number  of  background 
krariables  and  trips  differ  on  structural  characteristics.   As  a  whole,  the  attitudes  and 
perceptions  of  private  users  differ  from  those  of  commercial  users,  but  are  similar  to 
those  of  commercial  passengers  taking  oar-powered  trips.   Implications  for  management 
are  discussed. 
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246.  Shew,  Richard  L.,  and  Michael  P.  Werner.   1976.   Recreation  use  patterns  and  user 
attitudes  on  the  Snake  River.   Final  Tech.  Rep.,  114  p.   Water  Res.  Cent.,  Washington 
State  Univ.,  Pullman,  Washington. 

During  the  summer  of  1971  mail-back  questionnaires  concerning  the  changes  a  proposed  dam 
would  have  on  recreational  activities  in  the  area  were  distributed  to  a  sample  of  recrea- 

tion users  on  the  Snake  River,  Washington.   Data  showed  that  nearly  all  of  the  recreation- 
ists  lived  within  2  hours  driving  time  from  the  River  and  that  the  River  was  their  primary 

destination.   Users  were  predominantly  young  to  middle-aged  and  well-educated.   The  most 
popular  recreation  activities  were  sightseeing,  fishing,  hunting,  picnicking,  swimming,  and 
relaxing.  Most  users  felt  present  recreation  opportunities  were  fair  to  excellent  and  that 
the  dam  would  decrease  the  number  and  kinds  of  recreational  activities  available  and  cause 

overdevelopment  of  the  area. 

247.  Sohn,  Arnold  J.,  and  Arnold  0.  Haugen.   1969.   How  do  lowans  use  their  lakes  for 

recreation?   Iowa  Farm  Sci.  23(9): 8-9. 

Studied  competitive  recreational  uses  on  the  Clear,  Spirit,  Okoboji,  and  Little  Wall  Lakes 

in  Iowa  during  1966-1967.   Used  pneumatic  car  counters,  questionnaires,  and  time-lapse 
photography  to  describe  recreational  activity  cycles  on  the  lakes.   Determined  present 
and  future  areas  of  user  conflict.   Made  the  following  recommendations  to  managers:  limit 
boat  size,  zone  lake  areas  by  types  of  recreational  uses,  and  manage  waterfowl. 

248.  Solomon,  Michael  J.,  and  Edward  A.  Hansen,   1972.   Canoeists  suggestions  for  stream 
management  in  the  Manistee  National  Forest  of  Michigan.   USDA  For.  Serv.  Res.  Pap. 

NC-77,  10  p.   North  Cent.  For.  Exp.  Stn. ,  St.  Paul,  Minnesota. 

A  survey  of  canoe  use  and  opinions  of  canoeists  on  management  practices  along  the  Pine 
River  in  northwest  Michigan  was  conducted  in  1971.   Users  favored  natural  settings  but 
did  not  object  to  the  presence  of  streambank  erosion.   Also,  canoeists  viewed  litter  and 
crowding  problems,  but  felt  present  levels  of  use  on  weekends  and  holidays  were  acceptable. 

249.  Stankey,  George  H.  1974.  Criteria  for  the  determination  of  recreational  carrying 
capacity  in  the  Colorado  River  Basin.  In  Environmental  management  in  the  Colorado 

River  Basin,  p.  82-101.  A.  Berry  Crawford  and  Dean  F.  Peterson,  eds.  Utah  State 
Univ.  Press,  Logan,  Utah. 

States  that  the  Colorado  River  Basin  offers  a  variety  of  recreational  opportunities  and, 
as  such,  can  satisfy  a  wide  range  of  user  preferences  and  needs.   All  agencies  responsible 
for  managing  and  planning  recreational  use  in  the  Basin  and  the  public  must  be  involved  in 
determining  the  recreational  carrying  capacity  of  the  Basin.   Not  only  will  their  concerted 
efforts  enhance  existing  opportunities  but  they  will  also  open  the  door  for  new  recreational 
pursuits.   Presently  the  recreational  planning  efforts  of  various  agencies  have  been  isolated 
from  each  other,  and  the  goals  and  objectives  of  these  efforts  frequently  reflect  the  agencief4 
biases.  , 

250.  Tarbet,  Don,  George  H.  Moeller,  and  Keven  T.  McLoughlin.  1977.   Attitudes  of  Salmon 

River  users  toward  management  of  Wild  and  Scenic  Rivers.  In   River  recreation  manage- 
ment and  research  Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28,  p.  365-371. 

North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Salmon  River  floaters  were  asked  to  answer  a  questionnaire  that  solicited  their  attitudes 
toward  wilderness  river  recreation  experiences  and  management.   Factors  relating  to  health 
and  physical  fitness,  adventure,  awareness  of  nature,  communion  with  nature,  and  wilderness 

preservation  were  viewed  favorably  by  nearly  all  respondents.   Intensive  management  prac- 
tices such  as  developed  campsites,  gravel  roads  and  trails,  picnic  tables,  garbage  cans, 

and  allowing  power  boats  were  rejected  by  almost  all  respondents. 
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251.  U.S.  Army  Engineer  District,  Sacramento,  California.   1976.   Analysis  of  supply  and 
demand  of  urban  oriented  nonreservoir  recreation.   IWR  Res.  Rep.  76-R2,  46  p. 
Appendix  Inst.  Water  Resour.,  Fort  Belvoir,  Virginia. 

Presents  the  results  of  research  into  the  supply  and  demand  of  urban  oriented  nonreservoir 
recreation.   Provides  a  detailed  account  of  the  data  base  used,  the  methods  of  collecting 
the  data,  and  the  analytical  procedures  followed  in  developing  various  recreation  use 
prediction  models.   Recommends  that  the  methods  described  be  tested  elsewhere,  evaluated, 
and  developed  into  a  standardized  procedure  for  use  by  the  U.S.  Army  Corps  of  Engineers. 

252.  Van  Doren,  Carlton  S.,  and  Barry  Lentnek.   1969.   Activity  specialization  among  Ohio's 
recreation  boaters.   J.  Leisure  Res.  1  (4)  :296-315. 

Participation  in  water  oriented  recreation  is  often  characterized  by  strong  activity 

preferences.   More  than  two-thirds  of  a  sample  of  recreational  boaters  in  Ohio  during  1966 
specialized  in  either  sailing,  water  skiing,  pleasure  cruising,  or  fishing  (a  fifth  group 
was  defined  as  nonspecialized) .   An  analytical  model  is  developed  to  identify  the  character- 

istics that  differentiate  boat  activity  specialists.   Use  of  the  model  could  have  application 
to  the  study  of  rivers. 

253.  Warbler,  Donald  S.,  and  Alan  Jubenville.   1975.   Perceptions  and  management  preferences 
of  users  as  a  result  of  the  commercial  floating  experience  on  the  Snake  River  within 
Grand  Teton  National  Park,  1975.   34  p.   Dep.  Recreation  and  Park  Admin.   Univ. 
Wyoming.   Laramie,  Wyoming. 

Describes  results  of  a  study  on  individuals  participating  in  commercial  float  trips  on  the 

>nake  River  in  Grand  Teton  National  Park.   Regression  analyses  were  used  to  identify  inde- 
pendent variables  that  affect  user  satisfaction  (seeing  other  rafts,  man-made  developments. 

Interpretive  talks,  wildlife,  etc.).   Visitor  satisfaction  was  high  with  respect  to  natural 
scenery,  interpretive  talks,  wildlife,  floating  scenic  waters,  and  relaxing  on  the  trip. 

Jeeing  other  rafts  and  crowding  were  somewhat  neutral.   Seeing  man-made  developments  was 
I  negative  factor. 

p4.   Welton,  Brad,  and  Dick  Harlow.   1973.   California  B.L.M.  white-water  use  study.   72  p. 
USDI  Bur.  Land  Manage.   Folsom  Dist.,  Folsom,  California. 

Summarizes  the  summer  1973  study  on  volume  and  use  on  the  Stanislaus  River  in  northern 
California.   Also  covers  recreational  use  data  collected  for  Mokelumne,  Constimnes,  South  Fork 
>f  American,  Merced,  and  Tuolumne  Rivers.   Contains  information  on  the  Stanislaus  River 
ibout  hazards,  congestion  at  access  and  special  interest  points  along  the  river,  camping  and 
licnicking  sites,  water  quality,  firewood  availability,  sanitation  facilities,  and  types  and 
folume  of  v/hitewater  recreation  use.   Concludes  that  increased  use  of  the  Stanislaus  has 
aused  lowered  water  quality  and  serious  crowding  problems.   Also  includes  information  on 
he  volume  of  recreational  use  the  Mokelumne,  Consumnes,  Merced,  Tuolumne,  and  South  Fork  of 
he  American  Rivers  received. 

47 



7 
MANAGEMENT  OF  RIVER  RESOURCES 

(Also  see  reference  numbers  lA ,  18,  21,  23,  26,  27,  28,  39,  42,  44,  53,  55,  73, 
84,  86,  96,  101,  117,  121,  128,  138,  142,  149,  152,  157,  158,  161,  162,  164,  167, 
171,  174,  183,  185,  186,  190,  197,  201,  204,  205,  206,  207,  208,  210,  212,  213, 
214,  215,  219,  221,  223,  225,  228,  230,  231,  232,  233,  234,  235,  236,  241,  243, 
244,  245,  247,  248,  249,  250) 

255.  Allagash  River  Authority.  1965.  The  Allagash — Maine's  counter  proposal.  Am.  For. 
71(2):26-29. 

Summarizes  a  plan  for  State  control  of  the  Allagash  River.  Objectives  of  the  plan  are  to 
outlaw  the  use  of  motors  on  boats  and  canoes,  limit  the  use  of  aircraft  in  the  area,  restric 
the  size  and  location  of  campsites,  confine  timber  harvesting  operations  to  an  area  300  feet 

from  the  river  bank,  forbid  new  public  access  roads  within  the  waterway,  and  restore  histor- 
ical sites  along  the  River  for  recreational  use. 

256.  Chilman,  Kenneth  C,  Leo  F.  Marnell,  and  Randall  R.  Pope.   1977.   Developing  a 
research  capacity  in  field  organizations  to  aid  in  management  decisionmaking.  In 
River  recreation  management  and  research  Symp.  Proc.   USDA  For.  Serv,  Gen.  Tech. 

Rap.  NC-28,  p.  163-167.   North  Cent.  For.  Exp.  Stn. ,  St.  Paul,  Minnesota. 

Discusses:  (1)  the  trend  toward  developing  research  capacities  in  field  organizations  of 

national  parks,  recreation  areas,  or  wildlife  refuges;  (2)  factors  that  seem  to  be  impor- 
tant in  making  such  a  research  capacity  most  useful;  and  (3)  some  Implications  for  educa- 
tion in  recreational  management  and  planning.   Gives  a  detailed  case  history  of  the  develop- 
ment of  a  river  research  program  in  one  field  location — the  Ozark  National  Scenic  River- 

ways  in  Missouri. 

257.  Gilbert,  C.  Gorman,  George  L.  Peterson,  and  David  W.  Lime.   1972.   Toward  a  model 
of  travel  behavior  in  the  Boundary  Waters  Canoe  Area.   Environ,  and  Behav.  4(2): 
131-157. 

Focuses  on  the  general  overuse  problem  that  exists  in  Minnesota's  Boundary  Waters  Canoe 
Area  and  stresses  the  importance  of  determining  social  and  ecological  carrying  capacities 
to  prevent  negative  impacts  of  overuse.   Proposes  that  once  capacities  are  recommended,  a 
predictive  model  can  be  used  to  evaluate  the  impacts  of  alternative  use  control  measures. 
Identifies  possible  regulatory  and  manipulative  use  control  techniques.   Suggests  Markov 
renewal  theory  as  a  promising  tool  to  predict  user  distributions  in  dispersed  recreation 
areas. 

258.  Harrison,  Anne.  1977.  Getting  your  story  across--interpreting  the  river  resource. 
In  River  recreation  management  and  research  Symp.  Proc.  USDA  For.  Serv.  Gen.  Tech. 

Rep.  NC-28,  p.  125-138.   North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Suggests  interpretation  has  special  needs  as  it  relates  to  river  systems.   These  are 
discussed  in  light  of  the  opportunities  and  problems  associated  with  different  sites, 
audiences,  messages,  and  media.   The  appropriateness  of  media  to  river  classifications 
is  emphasized.   Examples  of  interpretive  services  are  used  to  illustrate  the  principle 
points  of  the  discussion. 
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259.  Hendrickson,  G.  E. ,  and  C.  J.  Doonan.   1972.   Hydrology  and  recreation  on  the  cold- 
water  rivers  of  Michigan's  southern  peninsula.   Geol.  Surv.  Water  Inf.  Rep.  3,  83  p. Lansing,  Michigan- 

Recreational  values  (e.g.,  trout  fishing,  boating,  camping)  of  rivers  are  dependent  on 
streamflow  characteristics,  water  quality,  and  character  of  channel,  bed,  and  banks. 
Generally,  recreational  value  is  enhanced  by  a  relatively  uniform  streamflow.   Suggests 
techniques  such  as  preserving  streamside  vegetation  to  maintain  water  temperatures, 
controlling  disposal  of  heated  water  to  streams,  and  maintaining  stream  flow  during 
drought  periods,  to  manage  streams  for  recreational  values. 

260.  Jaakson,  Reiner.   1971.   Zoning  to  regulate  on-water  recreation.   Land  Econ.  47(4): 
382-388. 

Proposes  a  zoning  system  based  on  grouping  those  activities  that  exhibit  similar  density 
requirements  and  speed  characteristics.   Defines  three  activity  zones:  (1)  a  Shoreline 

Activity  Zone,  (2)  an  Open  Water  Zone,  and  (3)  a  Wildlife  Zone.   Guidelines  for  implementing 
the  system  are  noted  as  are  some  of  the  legal,  administrative,  and  ecological  constraints 
that  will  necessitate  certain  alterations  in  the  application  of  the  model  to  different 
water  bodies. 

261.  Kuska,  James  J.   1977.   Biological  approach  to  river  planning  and  management.  In 
River  recreation  management  and  research  Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech. 

Rep.  NC-28,  p.  296-303.   North  Cent.  For.  Exp.  Stn. ,  St.  Paul,  Minnesota. 

The  intent  of  Wild  River  legislation  was  to  protect  certain  rivers  for  the  benefit  and 
enjoyment  of  present  and  future  generations.   Suggests  that  to  accomplish  this  goal, 

river  developers  and  managers  must  consider:  (1)  a  riverway's  ordered  nature  and  inherent 
limitations;  (2)  which  specific  environments  (soils,  vegetation)  and  related  variables 
(aspect,  slope)  along  the  river  are  best  able  to  absorb  recreational  use;  and  (3)  how 
much  modification  (vegetation  and  soil  degradation)  of  a  particular  environment  to  accept 
before  use  is  altered  or  limited. 

262.  Lewis,  J.  Harry.   1977.   TVA's  role  in  river-oriented  recreation.  In   River  recrea- 
tion management  and  research  Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28, 

p.  139-141.   North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

The  Tennessee  Valley  Authority,  in  cooperation  with  other  agencies  and  organizations,  has 
surveyed  a  number  of  streams,  acquired  public  access,  developed  parking  and  recreational 
facilities,  prepared  descriptive  brochures,  rated  canoeing  difficulty,  and  regulated 
streamflows  from  its  dams.   Suggests  that  providing  use,  not  restricting  it,  is  the 

agency's  present  course. 

263.  Lime,  David  W.   1969.   Wilderness-like  recreation  opportunities  adjacent  to  the 
Boundary  Waters  Canoe  Area.   Naturalist  20(1): 36-41. 

Suggests  there  are  numerous  wilderness-like  recreation  opportunities  adjacent  to  Minnesota's 
Boundary  Waters  Canoe  Area  in  the  remainder  of  the  Superior  National  Forest.   If  these 
opportunities  were  made  known  to  potential  recreation  campers  to  northeastern  Minnesota, 
demand  and  overuse  in  some  portions  of  the  Area  could  be  substantially  lessened.   Notes 

the  implications  of  these  findings  to  water-based  recreation  management  generally. 
Discusses  some  of  the  kinds  of  information  needed  to  help  recreation  users  choose  among 
alternative  areas  and  sites  within  areas. 

264.  Lime,  David  W. ,  and  George  H.  Stankey.   1971.   Carrying  capacity:  maintaining  out- 
door recreation  quality.  In   Forest  Recreation  Symp.  Proc.  p.  174-184.   Northeast 

For.  Exp.  Stn.,  Upper  Darby,  Pennsylvania. 

Discusses  (a)  what  is  meant  by  the  concept  of  recreational  carrying  capacity,  (b)  what  is 
known  about  capacities  in  terms  of  both  how  resources  and  experiences  of  visitors  are 
affected  by  recreational  use,  and  (c)  what  alternative  procedures  the  administrator  can 
use  to  manage  both  resources  and  visitors  for  capacity. 
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265.  Mak,  Kenneth  R. ,  Marvin  0.  Jensen,  and  Thomas  L.  Hartman.   1977.  Management  response 

to  growing  pressures  in  western  white-water  rivers — the  art  of  the  possible.  In   River 
recreation  management  and  research  Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28, 
p.  102-109.   North  Cent.  For.  Exp.  Stn. ,  St.  Paul,  Minnesota. 

Describes  agency  responses  to  the  increasing  demand  for  Whitewater  recreation,  development 
of  management  plans,  and  why  planning  and  public  involvement  are  needed.   An  example  of 
conflicting  interests  and  resulting  political  pressure  is  given. 

266.  Marnell,  Leo  F.   1977.   Methods  for  counting  river  recreation  users.  In   River 
recreation  management  and  research  Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep. 

NC-28,  p.  77-82.   North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Recreation  users  on  the  Nation's  rivers  should  be  counted  and  classified.   Procedures  for 
documenting  river  use  are  reviewed  and  the  merits  and  limitations  of  various  approaches 
are  discussed. 

267.  McCool,  Stephen  F. ,  David  W.  Lime,  and  Dorothy  H.  Anderson.   1977.   Simulation  modeling 
as  a  tool  for  managing  river  recreation.  In   River  recreation  management  and  research 

Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28,  p.  304-311.   North  Cent.  For.  Exp. 
Stn.,  St.  Paul,  Minnesota. 

Accelerating  use  of  free-flowing  rivers  for  recreational  floating  has  led  many  managers  to 
set  visitor  use  limits.   The  Wilderness  Area  Simulation  Model  was  modified  to  predict  pat- 

terns of  river  recreation  use  occurring  under  a  variety  of  use  conditions  and  was  tested  on 

the  Green  and  Yampa  Rivers  in  Dinosaur  National  Monument  for  the  week  of  June  23-29,  1975. 

The  "Base  Case"  simulation  and  actual  patterns  of  use  were  compared  and  were  found  to  be 
in  close  agreement.   A  variety  of  experiments,  such  as  changing  daily  entry  rates  and 
opening  and  closing  campgrounds,  were  simulated. 

268.  Peterson,  George  L.,  James  S.  deBettencourt ,  and  Pai  Kang  Wang.   1977.   A  Markov- 
based  linear  programming  model  of  travel  in  the  Boundary  Waters  Canoe  Area.  In 
River  recreation  management  and  research  Symp.  Proc.   USDA  For.  Serv.  Gen.  Tech. 

Rep.  NC-28,  p.  342-350.   North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Describes  and  illustrates  a  Markov-based  linear  programming  method  used  for  predicting  and 

analyzing  travel  in  Minnesota's  Boundary  Waters  Canoe  Area  so  management  can  control  the 
rate  of  entry  of  travellers  into  the  Area. 

269.  Pfister,  Robert  E.,  and  Robert  E.  Frenkel.  1975.  The  concept  of  carrying  capacity:  j 

its  application  for  management  of  Oregon's  scenic  waterway  system.  Rogue  River  I 
Study  Rep.  2,  50  p.   Oregon  State  Marine  Board  and  Water  Resour.  Res.  Inst., 
Oregon  State  Univ.,  Corvallis,  Oregon. 

Increased  recreational  use  of  rivers  has  led  to  the  examination  of  the  carrying  capacity 
concept  and  its  management  application  as  a  basis  to  determine  appropriate  levels  of 

seasonal  use  on  Oregon's  rivers.   Proposes  a  set  of  principles  based  on  the  idea  that  an 
operational  approach  to  carrying  capacity  is  important  in  decision-making.   States  that 
although  river  management  plans  are  not  mandatory  to  implement  the  carrying  capacity 
concept,  they  provide  for  a  positive  approach  to  river  management. 

270.  Priesnitz,  Michael.   1976.   Minnesota's  river  program.   Environmental  Comment,  June 
1976.   (A  publication  of  the  Urban  Land  Institute)  p.  5-9. 

Reviews  provisions  of  Minnesota's  Wild  and  Scenic  Rivers  Act.   Discusses  ways  to  preserve 
rivers  through  zoning  and  scenic  easements.   Notes  the  importance  of  effective  communication 
with  the  public  and  the  involvement  of  the  public  in  carrying  out  program  objectives. 
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271.  Priesnitz,  Michael  F. ,  and  James  Harrison.   1977.   Managing  corridors  in  multiple 
ownership.  In   River  recreation  management  and  research  Symp.  Proc.   USDA  For.  Serv. 
Gen.  Tech.  Rep.  NC-28,  p.  183-186.   North  Cent.  For.  Exp.  Stn.  ,  St.  Paul,  Minnesota. 

Planning  and  management  techniques  for  river  corridors  in  multiple  ownerships  are  described. 
The  Lower  St.  Croix  National  Scenic  Riverway  between  Minnesota  and  Wisconsin  is  used  as  an 
example. 

272.  Romesburg,  H.  Charles.   1974.   Scheduling  models  for  wilderness  recreation.   J.  Environ. 
Manage.  4(2)  :159-177 . 

Scheduling  recreation  in  wilderness  areas  is  explored  through  mathematical  modeling.   A 
river  system  for  recreational  float  trips  is  used  as  a  hypothetical  example. 

273.  Shane,  Richard  M.   1974.   Riverine  recreational  development;  mathematical  modeling: 

final  report.   R74-6,  109  p.   Dep.  Civil  Eng.,  Carnegie  Inst.  Tech.,  Carnegie-Mellon 
Univ.,  Pittsburgh,  Pennsylvania. 

Using  a  computer  simulation  model  of  water  quality  factors,  a  method  was  developed  for 
assessing  alternative  urban  riverine  sites  for  recreation.   The  model  gives  statistical 
summaries  of  simulated  water  quality  that  can  reflect  changes  in  adjacent  land  use  patterns 

and  socio-economic  characteristics  of  the  landowners.   Other  modeling  techniques  used  to 
estimate  urban  recreational  use  are  also  discussed.   Evaluates  the  recreational  potential 
for  noncontact  activities  on  the  Allegheny  River  through  Pittsburgh. 

274.  Sohn,  Arnold  J.   1968.   Time-lapse  movie  camera  for  recording  recreation  activity 
cycles.   Iowa  Acad.  Sci.  75:184-189. 

Reports  on  the  use  of  an  8-mm  time-lapse  movie  camera  to  record  information  on  daily,  weekly, 
and  seasonal  patterns  of  recreational  activities  (e.g.,  waterskiing,  fishing,  boating,  swim- 

ming) on  Iowa  lakes.   Counting  boats  and  identifying  boat  types  was  easiest  when  the  camera 
was  equipped  with  a  zoom  lens  rather  than  a  wide  angle  lens. 

275.  St.  Croix  Task  Force.   1970.   Wild  waters  of  the  St.  Croix:  a  plan  for  preservation 
and  management.   57  p.   St.  Croix  Task  Force,  Minneapolis,  Minnesota. 

Identifies  the  environmental  resources  on  the  St.  Croix  River  in  Wisconsin  and  Minnesota 

that  are  worthy  of  preservation/restoration,  and  suggests  methods  to  optimize  management 
of  the  resources.   Evaluates  type  and  density  of  recreational  use  in  the  area  and  relates 
it  to  present  facilities  and  management  goals.   To  increase  the  tax  base  of  the  area,  the 
private  sector  is  encouraged  to  develop  support  facilities  compatible  with  wild  and  scenic 
river  status. 

276.  St.  Croix  Task  Force.   1970.   Wild  waters  of  the  St.  Croix:  a  plan  for  preservation 

and  management — addendum  report.   78  p.   St.  Croix  Task  Force,  Minneapolis,  Minnesota. 

Supplements  the  initial  report.   Contains  information  on  shoreline  controls,  existing  and 

proposed  recreation  facilities  in  the  St.  Croix-Namekagon  area,  and  physical  characteristics 
pf  the  area. 

I277.  Swanson,  Earl  J.,  Jr.  1970.  The  archeological  resources  of  the  Salmon  River  Canyon: 
a  methodology  study  to  develop  evaluation  criteria  for  wild  and  scenic  rivers.  19  p. 
Water  Resour.  Res.  Inst.,  Univ.  Idaho,  Moscow,  Idaho. 

Investigates  the  scientific  and  historical  value  of  antiquities  in  the  Salmon  River  Canyon. 

]the  Canyon  shows  evidence  of  a  lengthy  intercultural  period  and  a  rich  history  of  man- 
environment  relations.   Discusses  archeologically  significant  finds  within  the  Canyon; 

oast  archeological  research;  funding  problems;  and  time  commitments  required  in  archeological 
research.   Has  implications  for  interpretive  management. 
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278.  Tarlock,  Dan  A.,  and  Roger  Tippy.   1970.   The  Wild  and  Scenic  Rivers  Act  of  1968. 

Cornell  Law  Rev.  55(5) :707-739. 

Reviews  origins  of  legislation  that  led  to  passage  of  the  Rivers  Act  and  formation  of  the 

National  Wild  and  Scenic  Rivers  System.   Discusses  the  importance  of  acquiring  lands  along 
the  river  to  provide  a  protective  river  corridor.   Also  reviews  management  guidelines 
established  to  protect  rivers. 

279.  Terry,  Claude  E.   1976.   Preserving  an  urban  river:  the  Chattahoochee.   Environmental 

Comment,  June  1976.   (A  publication  of  the  Urban  Land  Institute)  p.  9-11. 

Briefly  describes  the  scenic  and  recreational  attributes  of  the  Chattahoochee  River  in  the 
Atlanta  metropolitan  area.   Discusses  the  combined  efforts  of  local  citizens  and  officials. 
State  agencies,  and  Federal  bureaus  in  aquiring  land  to  preserve  the  Chattahoochee  and  its 
corridor. 

280.  Terry,  Claude  E.  1977.  Citizen  groups:  their  role  in  river  recreational  planning. 
In  River  recreation  management  and  research  Symp.  Proc.  USDA  For.  Serv.  Gen.  Tech. 

Rep.  NC-28,  p.  210-213.   North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Suggests  that  the  two  equal  and  essential  components  that  the  river  recreation  planner  must 

consider  in  decision-making  are  the  managed  space  and  the  user  who  will  inhabit  that  space. 
Believes  use  conflicts  arise  as  the  result  of  territorial  interests  of  citizen  groups.   Notes 
that  although  the  conflict  between  specific  recreation  users  can  never  be  fully  resolved,  the 
resource  manager  can  adopt  certain  attitudes  and  actions  to  mitigate  the  conflict. 

281.  Warren,  Sam  E.   1977.   How  to  ration  river  floating  use:  the  Middle  Fork  of  the  Salmon 
experience.  In   River  recreation  management  and  research  Symp.  Proc.   USDA  For.  Serv. 

Gen.  Tech.  Rep.  NC-28,  p.  151-154.   North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Describes  efforts  by  the  Forest  Service  to  limit  float-trip  use  since  1972  on  the  Middle 
Fork  of  the  Salmon  River,  Idaho.   Notes  the  problems  of  finding  equitable  means  of  allocating 

permits  between  commercial  and  noncommercial  parties  and  dealing  with  people  without  reserva- 
tions. 

282.  Wilson,  George  T.   1964.   Lake  zoning  for  recreation:  how  to  improve  recreational  use 
of  lakes  through  regulation  and  control.   30  p.   Am.  Inst.  Park  Executives,  Oglebay 
Park,  Wheeling,  West  Virginia. 
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ELM-ASH-COTTONWOOD  FOREST  TYPE  BIBLIOGRAPHY 
Stephen  R.  Shifley 

Purdue  University ,   Department  of  Forestry  and  Natural  Resources 
West  Lafayette,   Indiana 

and  Kenneth  M.  Brown 
Lakehead  University,  School  of  Forestry 

Thunder  Bay,   Ontario,   Canada 

The  elm-ash-cottonwood  forest  type  has  been  defined  as  the  lowland  forests  where 
^erican  elm  {Ulmus  ameriaana   L.),  green  ash  (Fraxinus  pennsylvanioa   Marsh.),  eastern 
ottonwood  (Populus  deltoides   Bartr.),  or  silver  maple  (.Acer  saccharinwn   L.)  comprise, 
singly  or  in  any  combination,  the  largest  component  of  stocking.   Common  associated 

pedes  include  hackberry  (Celtis  oaaidentalis   L.),  American  sycamore  {Platanus  occidental- 

's  L.),  black  willow  (Salix  nigra   Marsh.),  and  boxelder  (Acer  negundo   L.).  The  elm-ash- 
:ottonwood  type  occupies  a  large  but  irregular  area  on  the  floodplains  and  bottomlands  of 

the  north-central  United  States.   Sites  occupied  by  this  type  commonly  have  a  high  produc- 
tive potential. 

The  literature  search  this  bibliography  is  based  on  began  with  an  extensive  examina- 
tion of  Forestry  Abstracts  volume  24  (1963)  through  volume  37  (1976).   Thus,  this  work  is 

ontiguous  with  the  Populus   bibliography  of  Farmer  and  McKnight.   The  bibliographies  of 
najor  works  found  in  the  initial  search  of  Forestry  Abstracts  were  examined  and  many  addi- 

tional references  were  obtained.   Several  references  found  in  this  second  search  and  pub- 
lished prior  to  1964  were  included  when  they  seemed  particularly  relevant  and  had  not  been 

included  in  the  Farmer  and  McKnight  Populus   bibliography.   Finally,  many  current  journals 
^ere  searched  for  work  that  had  not  yet  been  reported  in  Forestry  Abstracts.   For  addresses 

of  many  of  the  sources  cited  the  reader  may  consult  "Forestry  Abstracts  Coverage  List"  or 
"List  of  Periodicals  and  Serials  Regularly  Scanned  for  Forestry  Abstracts"  . 

During  the  initial  examination  of  Forestry  Abstracts ,  the  following  genera  and  species 
i/ere  actively  searched:  Acer,   A.    sacaharinum   L .  ;  Celtis,    C.    occidentalis   L.;  Fraxinus,    F, 
oennsylvanica   Marsh.;  Platanus,   P.   occidentalis   L.;  Populus,   P.   deltoides   Bartr.;  Ulmus, 
J.   americana   L.   In  addition,  many  references  to  Salix  nigra   Marsh,  are  cited. 

Publications  selected  for  this  bibliography  relate  to  one  or  more  of  the  following 

broad  subject  categories:   (1)  Biology — includes  references  to  life  history,  silvical  char- 

acteristics, taxonomy,  physiology,  morphology,  anatomy,  and  genetics;  (2)  Ecology — includes 
the  topics  of  forest  succession,  allelopathy,  soil  site  relations,  flooding,  and  gradient 

■analysis;  (3)  Silviculture — includes  stand  establishment,  cultural  treatments,  harvesting 
nethods,  economics,  and  protection;  (4)  Mensuration — includes  references  to  yield  studies, 
nensurational  techniques,  growth  prediction,  and  volume  estimation. 

Commonwealth  Forestry  Bureau.   1970.   Forestry  Abstracts  Coverage  List,  October  1970, 
20  p.   Commonwealth  Agricultural  Bureaux,  Farnham  Royal,  United  Kingdom. 

2 

Commonwealth  Forestry  Bureau.   1968.   List  of  periodicals  and  serials  regularly  scan- 
aed  for  Forestry  Abstracts.   16  p.   Commonwealth  Agricultural  Bureaux,  Farnham  Royal, 
nited  Kingdom. 



In  all  cases  interest  was  primarily  in  work  dealing  with  natural  stands.   However, 

reports  on  plantations,  greenhouse  experiments,  and  other  artificial  situations  were  in- 
cluded whenever  they  were  judged  to  be  applicable  to  future  studies  of  natural  stands. 

Published  abstracts  have  been  cited  whenever  they  were  judged  to  contain  significant  amounts 
of  useful  information. 

Citations  obtained  through  Forestry  Abstracts  are  followed  by  the  Forestry  Abstracts 

volume  and  entry  number,  e.g.,  FA  32:4773  refers  to  volume  32,  entry  4773  of  Forestry  Ab- 
stracts ■   Users  with  access  to  Forestry  Abstracts  can  thereby  quickly  locate  a  synopsis  of 

these  references. 

A  species  and  subject  index  and  glossary  of  common  insect  names  is  provided  for  user 
convenience.   Tree  species  and  Invertebrate  organisms  are  indexed  only  by  their  scientific 
name.   Vertebrate  species  are  indexed  only  by  common  name.   Cross  references  are  used 
throughout  to  add  clarity  and  to  indicate  categories  where  additional  information  may  be 
found . 
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Glossary  to  the  Scientific  Names  of  Some  Common  Insects  of  Elm,  Ash,  and  Cottonwood 

Aphid    Aphididae   spp. 
Ash  bark  beetle      Lepersinus  aauleatus,   Lepersinus  aaliformicus 
Ash  seed  weevils      Thysanoahemis  bisahoff^   Thysanochemis  hevola 
Bark  beetles     Scolytus   spp. 
Biting  midge     Dasyhelea  opressa 
Blotch  leaf  miner     ParaZeuaoptera  albelZa 
Branch  borer     Oberea  delongi,   Oberea  sahaumii 
Bronze  poplar  borer      Agrilus   liragus 
Carpenter  worm     Prionoxystus  rohinae 
Clearwing  borer     Paranthrene  dollii,   Paranthrene  tricinota 
Columbian  timber  beetle      Corthylus  colimbianus 
Cottonwood  borer     Plectrodera  scalator 
Cottonwood  leaf  beetle     Chrysomela  soripta 
Cottonwood  leaf  curl  mite      Aaulus   Zobulifera 
Cottonwood  leaf  miner      Leuaoptera  aZbeZZa 
Cottonwood  twig  borer      Gypsonoma  haimbaohiana 
Double  tail  caterpillar      Cerura  wisei 
Eastern  ash  bark  beetle      Lepersinus  aauZeatus 
Epidermal  miner      Marmara   spp. 
Elm  bark  beetle      ScoZytus  scoZytus 
Elm  spanworm     Ennomos  subsignarius 
Elm  spanworm  parasite    TeZonornus  aZsophiZae 
Eriophyid  mites      Eriophydidae   spp. 
Fall  cankerworm      AZsophiZa  pometaria 
Flat-footed  ambrosia  beetle      PZatypus  suZcatus 
Flower  flies     Syrphidae   spp. 
Fruit  fly      AuZacigaster  Zeucopeza 
Hackberry  butterfly      Astercampa  aeZtis 
Hackberry  gall  maker     PachypsyZZa   spp. 
Hackberry  blistergall  maker      PaohypsyZZa  vesiauZum 
Hackberry  nipplegall  maker     PachypsyZZa  mamma 
Hackberry  petiolegall  maker      PachypsyZZa  venusta 
Imported  willow  leaf  beetle      PZagiodera  versicoZor 
Lace  bug    Corythucha   spp. 
Leaf  curl  midge      ProdipZosis  morrisi 
Leaf  hopper      CicadeZZidae   spp.^  Cuerna  oostaZis, 

Erythroneura   spp.j  Erythroneura  Zawsoni, 
HomaZodisoa  ooaguZata,   Gnoometopia  orbona 

Leaf-mining  sawfly     Messa  popuZifolieZZa 
Leaf roller  moth      Tortricidae   spp. 
Native  elm  bark  beetle     HyZurgopinus  rufipes 
Pin-hole  borer     PZatypus  suZcatus 
Poplar-and-willow  borer      Cryptorrhynchus   Zapathi 
Poplar  borer     Saperda  aaZcarata 
Poplar  tentmaker     Icthyura  incZusa 
Poplar  vagabond  aphid      MordviZkoja  vagabunda 
Red  spider  mite      Tetranychus   teZarius 
Serpentine  leaf  miner      GraciZZariidae   spp. 
Shoot  borer      Gypsonoma  aceriana 
Smaller  European  elm  bark  beetle     ScoZytus  muZtistriatus 
Sycamore  aphid     Drepanosiphum  pZatanoides 

Tent  caterpillar    MaZacosoma  fragiZe  -tncura 
Viceroy  butterfly      Limentis  archippus 
Wood  gnat      Mycetobia  divergens 
Woodlouse     Tracheoniscus  rathkei 

Woolly  pear  aphid      Eriosoma  pyriaoZa 
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Species  Index 

Aaer   spp. 
Air  pollution — 671 
Animal  damage — 91 
Cankers — 334 

Decay — 553 
Flooding— 377 
Forest  area — 573 

Forest  types — 141,  377 

Fungi— 114,  115,  239,  252,  310,  334, 
465,  493 

Genetics  &  breeding — 423,  672 
Growing  stock  volume — 573,  574 
Growth— 338,  377,  457 
Insect  pests — 132,  310 
Light  relations — 338 
Mortality — 574 
Nematodes — 531 

Pulp  production — 56,  57 
Regeneration — 140,  284 
Rhizosphere — 115 
Saw  log  production — 55,  56,  58,  59, 

573,  574 
Seed— 284 

Seedlings— 338,  377 
Taxonomy — 446,  678 
Thinning— 441,  442,  567 
Variation — 672 

Veneer-log  production — 54,  56 
Weedkillers— 122,  441,  442,  463,  567, 

669,  680 
Wounds — 457 

Acer  sacaharxnum 

Air  pollution — 176,  297 
Animal  damage — 464 
Buds— 356 
Cankers — 221 

Dormancy — 356 
Felling — 410 
Fertilizer — 565 

Flooding— 103,  273,  276,  278,  363,  377, 
382,  560 

Forest  types— 39-41,  141,  376,  377, 
486,  568,  617 

Fungi— 221,  222,  251,  259 
Fungicides — 251 
Genetics  &  breeding — 362 
Gradient  analysis — 39-41 
Growth  (see  also  juvenile  growth) — 103, 

363,  377,  379,  382,  483 

Growth  regulators— 505,  587,  607 
Ice  damage — 377 
Insect  pests— 142,  311,  363,  399-401, 

483,  653 

Juvenile  growth  (see  also  growth) — 313 
Light  relations— 379,  410,  480,  560 
Mortality — 574 
Nutrient  relations — 140,  479,  505 
Regeneration— 141,  279,  362,  410 
Seed— 222,  273,  279,  587,  607 

Acer  sacoharinum   (cont . ) 

Seedlings— 103,  276,  279,  313,  377,  410 
Soil— 140 
Stomates— 480 
Succession— 243,  357,  377,  486 
Temperature  relations — 363,  399,  401,  480 
Thinning— 363,  410 
Variation — 316 
Water  relations— 39,  41,  103,  140,  273, 

276,  278,  363,  382,  399,  401,  410,  480, 
560,  617 

Weedkillers— 363,  661 
Wood  anatomy — 316 
Wounds — 251 

Aaulus   lobulifera — 440 

Agrilus    liragus — 32 

Air  pollution 

Ozone— 297,  527,  670,  671 

Peroxyacetyl  nitrate  (PAN) — 176 
Sulfur  dioxide— 298,  299,  318,  527 

Alleopathy— 12,  13 

Alsophila  pometaria — 174 

Alternavia   spp. — 518,  543 

Atternaria  tenuis — 440 

Anatomy — 145 

Animal  damage  (see  individual  animals) 

Aphaereta  ooZei — 134 

Aphididae   spp. — 16,  440 

Armillaria  mellea — 625 

Arthropoda — 254 

Aspergillus   spp. — 571 

Astercampa  celtis — 357 

Aulaaigaster  leucopeza — 134 

Bacillus   thuringiensis — 406,  582 

Beaver— 211,  258,  464,  615 

Belonolaimus   longiaccudatus — 521 

Bibliographies— 181,  195,  367,  497,  570 

Botryodiplodia  theobromae — 201,  440 
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Bottomland  type  (see  floodplain  forest) 

Buds--22,  145,  149,  156,  323,  351,  356, 
358,  474,  515 

Celtis   spp. 

Bibliographies — 181 
Root  grafts— 383 
Weedkillers— 669 

Celtis  oooidentalis 

Cultivation  of  soil — 231 
Diseases  &  disorders — 259 

Epiphytes — 418 
Fertilizer— 231 

Flooding— 103,  275,  276,  278,  551 
Forest  types— 39-41,  376,  377,  551,  617, 

639,  640 

Fungi~259 
Galls— 372 

Gradient  analysis — 39-41 
Growth  (see  also  juvenile  growth) — 103 
Insect  pests— 34,  178,  357,  372 
Juvenile  growth  (see  also  growth) — 275 
Litter  decomposition — 652 
Nutrient  relations — 140,  479 

Pulp  production — 56 
Regeneration — 279 
Saw  log  production — 56 
Seed— 279 

Seedlings— 103,  275,  276,  279 
Silvical  characteristics — 342 
Soil— 140 

Succession— 243,  357,  377,  639,  640 

Temperature  relations — 34 
Veneer-log  production — 56 
Water  relations— 39,  41,  103,  140,  275, 

276,  278,  551,  617 

Cenoooccvan  graniforme — 627 

Cephalosporium   spp.— 17,  20,  208,  518,  571 

Cephatosporivori  diospyri — 18 

Ceratooystis  fraxi-nopennsylvanica — 267 

Ceratooystis   spp. — 310,  311,  571 

Ceratooystis  ulmi 
Control— 327,  336 
Descriptions— 72,  281,  343,  393,  491, 

547,  548,  594 

Effects  on  host— 10,  11,  155,  354,  355, 
394,  454,  456,  492,  514,  516 

General— 340,  367,  419,  526 
Resistance— 49,  107,  173,  268,  422, 

453-455,  555,  557,  558,  563,  644,  676 
Transmission— 150,  209,  210,  226,  315, 

317,  428,  633,  644 

Ceratopogcanide   spp. — 310 

Ceraospora  populina — 440 

Cerura  wisei — 128 

Chrysomela  scripta — 253,  398,  440 

Cioadellidae — 232 

Cladosporivm  subsessile — 588 

Clitocyhe  tabesoens — 440 

Colteatoriclmm  gloeosporioides — 440 

Collybia  velutipes — 493 

Corthylus  oolvmhianus — 142,  310,  311, 
399-401,  483,  653 

Coniothyrium   spp. — 518 

Coprinus   spp. — 571 

Cortiaium  galactinvm — 440,  613 

Corythucha   spp. — 581 

Cryptodiaporthe  populea — 73 

Cryptovrhynchus   lapathi 
Biology — 151 
Control— 118-121,  152,  248,  249,  444 
General— 4,  116,  152,  223,  248,  250 

Cytospora  chrysosperma   (see  Valsa  sordida) 

Cytophoma   spp. — 518 

Cytophoma  pruinosa — 518 

Cytosporina  aaharii — 543 

Cuerna  costalis — 440 

Cultivation,  soil— 231,  330,  651 

Cutting  (see  felling) 

Dasyhelea  oppressa — 134 

Decay,  in  trees — 553,  608 

Deer— 346,  398,  489,  507,  580 

Dendrosoter  protuberans — 618 

Diplodia  gossypina — 296 

Diplodia  theobromae — 580 

Diseases  &  disorders — 244,  259,  616 

Dormancy— 125,  323,  351,  356,  467,  474,  515 
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Dothiehiza  populea — 73,  229 

Drepanosiphum  platanoides — 166-168 

Drosophila  robusta — 134 

Drought— 304,  448,  509 

Dutch  elm  disease (see  Ceratocystis  ulmi) 

Economics— 179,  459,  566,  636 

Endogone   spp. — 627 

Ennomos  subsignarius — 131,  132,  174,  175, 
198 

Epiphytes — 418 

Eriophydidae   spp. — 659 

Eriosoma  pyricola — 593 

Erwinia   spp. — 624 

Erythroneura   spp. — 388,  389 

Erythroneura  lausoni — 387 

Eutypella  parasitica — 221,  334 

Felling— 410,  430,  617,  647 

Fertilizer 

Disease — 171 

General— 21,  183,  368,  420,  421,  424, 
432 

Growth— 9,  38,  51,  52,  112,  282,  286, 
337,  572 

Nurseries — 235,  416 
Placement— 282,  565 
Planting— 320,  321 

Fire  damage — 608 

Flooding 

General— 103,  211,  305,  331,  403,  551 
Growth— 363 

Photosynthesis — 509,  560 
Roots— 271,  373 
Seed  germination — 273 

Tolerance— 275,  276,  278,  382,  390,  673 

Floodplain  forest 
Classification — 378 

Decay — 608 
Disease — 616 

Ecology — 364,  377 
Felling— 430 
Fire  damage — 608 
Flooding— 373,  377,  551 
Forest  area — 574 

Floodplain  forest  (cont.) 

Forest  types— 14,  31,  39-41,  60,  89,  91, 
105,  141,  177,  230,  241,  280,  301,  306, 
324,  325,  376-378,  417,  460,  486,  517, 
539-541,  551,  568,  574,  617,  626,  639, 
640 

Fungi— 409,  465 
Gradient  analysis— 39-41 ,  306,  417,  517, 

654 

Ice  damage — 377 
Insect  pests — 616 
Light  relations — 377 
Management — 245,  289,  500 
Mensuration — 500 
Models— 219,  220 

Mortality — 574 
Regeneration— 141,  274,  279 

Sampling — 350 
Seed— 279 

Seedlings — 279,  391 
Silviculture — 31,  245 

Soils— 14,  306,  377,  417,  512,  540,  541, 
617 

Species  distribution — 219,  220 
Succession— 29,  274,  301,  306,  377,  391, 

409,  486,  639,  640,  660 

Taxonomy — 417 
Temperature  relations — 377 
Understory  vegetation — 324 
Water  relations— 39-41,  219,  220,  377,  540, 

541,  551,  617,  622,  623 
Wildlife— 617 
Yield— 574 

Flowering — 188 

Fames  annosus — 229,  349,  499 

Fames  igniarius — 478 

Forest  area — 573,  574 

Form— 84,  302 

Fvaxinus   spp . 

Animal  damage — 615 
Ash  dieback— 518,  519 
Forest  area — 573 
Fungi— 266,  467,  518 
Genetics  &  breeding — 423 
Growth— 338 
Herbicides— 199 
Insect  pests— 26,  30,  132,  462,  570 
Leaf  litter— 254 

Light  relations — 338 
Nutrient  relations — 140 

Pulp  production — 56,  57 
Saw  log  production— 55,  56,  58,  59,  573 

Seedlings— 338 
Soil— 140 
Succession — 357 
Veneer-log  production — 54,  56 
Virus— 263,  264 
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Fraxinus   spp.  (cont.) 
Volume — 573 
Water  relations — 12A,  140 
Weedkillers— 449,  661,  669 

Fraxinus  pennsylvanica 
Air  pollution — 297 
Animal  damage — 211,  507 
Ash  dieback— 518,  519 
Bacteria — 571 
Browse — 507 
Buds— 156 

Carrying  capacity — 211 
Cleaning — 332 
Cultivation — 231 
Distribution— 599 

Ecology— 599,  600 
Felling— 410 
Fertilizer— 231,  565 
Flooding— 103,  211,  271,  275,  276,  278, 

305,  306,  331,  382 

Forest  types— 41,  306,  325,  376,  513, 
539,  568,  617,  639,  640 

Form  development — 538 
Fungi— 19,  216,  259,  267,  518,  571,  611, 

613 

Gradient  analysis — 41,  306 
Growth  (see  also  juvenile  growth) — 61,  94, 

97,  98,  103,  197,  211,  228,  332,  380, 
382,  408,  481 

Growth  regulators — 61,  77,  197 
Insect  pests— 98,  213,  395,  569-571,  645 
Juvenile  growth  (see  also  growth) — 74,  76, 

78,  79,  100,  275,  328,  675 

Light  relations— 78,  79,  154,  165,  408, 
410,  481 

Mine  spoils — 380 
Mycorrhizae — 204 
Nematodes — 407 
Nutrient  relations— 140,  277,  335,  339, 

380,  484,  498 

Periderm— 74-76,  78-81 
Physiology— 270 
Plantations — 380 

Planting— 328 
Pruning — 664,  667 
Quality— 98 
Regeneration— 279,  306,  410 
Root  growth— 341,  576 
Root  rot — 611,  613      , 
Saw  log  production — 574 
Seed— 66,  68,  69,  71,  279 
Seedlings— 74,  76,  82,  103,  275,  276, 

279,  410 

Silviculture— 211,  332 
Site  index— 98 
Soil— 140 
Stomates — 154 

Succession — 306,  639,  640,  660 
Temperature  relations — 80 
Thinning— 410 
Transpiration— 87,  154,  498 
Variation— 475,  600,  675 

Fraxinus  pennsylvanica   (cont.) 
Virus— 352,  353 

Volume — 98 
Water  relations— 41,  74,  81,  87,  97,  100,  1] 

103,  140,  154,  156,  163,  270,  275-278,  ■' 305,  331,  335,  382,  410,  481,  559,  617 

Weedkillers— 77,  85-87 
Wood  anatomy — 270,  300,  475,  575 
Wounds  — 77,  82,  457 

Xylem— 78-81 
Yield~98 

Frost 

Cracks— 368,  466 

Rings — 677 

Fulgoridae — 232 
Fungi 

General— 200,  206,  257,  259,  368,  427, 
440,  546 

Mycorrhizae — 628,  629 
Seed— 187,  222 

Slash— 610 
Soil— 237,  409,  465 

Fungicides 
Benomyl— 17,  110,  546 

Capric  acid — 173 

Copper,  fixed — 110 
General — 545 
Maneb— 110 

Methyl  bromide — 127 
Methyl  2-benzimidazolecarbamate — 547 
Phenylmercuritriethanol  ammonium 

lactate — 455 
Sodium  flouride — 589 

Thiophanate-methyl — 110 

Fusarium   spp. — 310,  518,  571 

Fusarium  solani — 169,  203,  440,  609 

Fusiaoccum   spp. — 518 

Genetics  &  breeding 

Fungi— 309,  370,  602 
General— 84,  93,  158,  193,  229,  245,  307, 

308,  319,  362,  369,  423,  529,  549,  602,] 
643,  655,  656,  672 

Gloeosporium  platani — 458 

Gnomonia  platani — 455,  458 

Gracillariidae   spp. — 440 

Gradient  analysis— 39-41,  306,  417,  517,  654 

Graphium   spp. — 310 

Growing  stock  volume — 573 
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Growth  regulators~28,  197,  323,  467,  587, 
607 

Gypsonoma  aceriana — 16 

Gypsonoma  hainibachiana — 137,  138,  398,  439, 
440,  453,  476,  477,  584-586,  668 

Hansenuta   spp. — 310 

Heat  shock--630 

Helicoma  proliferans — 239 

Herbicides  (see  weedkillers) 

Eomalodisca  coagulata — 440 

Hoplolaimus  galeatus — 130 

Hormones — 439 

Hypoxylon  pruinatum — 44 

Hypoxylon  rubiginosum — 252 

Hylurgopinus  rufipes — 209 

Ice  damage — 306,  377 

Ichthyuva  inctusa — 137,  440 

Insect  pests— 4,  15,  98,  244,  363,  367, 
400,  426,  427,  440,  616,  621 

Insecticides 

I   Aldicarb~16,  136-138 
Aminocarb — 471 

'Apholate'— 120 
'Azodrin'--453 

'Baygon'~453 
BHC— 248,  249 
'Bidrin'— 453 

Carbaryl — 471 
Carbofuran— 138,  453,  471 

Chlorpyrifos — 471 
'Cidial'~118 
DDT~248,  249,  471,  633 
Diazinon — 471 
Dieldrin— 248,  249,  471 
Dimethoate — 16,  471,  482 
Disulfoton— 137,  138,  453 
'Dowco  217'— 471 
Fenthion — 471 
General — 432 
'Landrin'— 471 

Lauroyl-trichlorfon — 471 
Lindane— 248,  249 
Malathion — 471 

Methomyl — 471 
Methoxychlor — 336,  633 
'Mexacarbate' — 471 
Naled— 471 

Insecticides  (cont.) 

Parathion— 118-120,  152 
Phorate— 16,  137,  138,  453 
Phoxim — 471 

Propoxur — 471 
Pryethrins — 471 
Resmethrin — 471 
'Soldep'— 444 

Systemic— 16,  117,  137,  138 
'Systox'— 432 
'Temik'— 453 

Tetrachlorvinphos — 471 
Trichlorfon — 471 
'Zinophos'— 453 

Laetiporus  sulphureus — 589 

Lepersinus  aculeatus — 26 

Lepersinus  oalifornicus — 267,  395 

Lepista  nuda — 627 

Leucoptera  albella — 375 

Light  relations 
General— 50,  377,  410,  617 
Growth— 78,  265,  338,  360,  379,  408,  481, 

490,  514 

Intensity— 78,  154,  379,  480 
Photoperiod~79,  125,  322,  474 
Photosynthesis~157,  159-161,  164,  165, 

224,  261,  338,  359-361,  384,  405,  412, 
413,  429,  469,  490,  509,  514,  516,  560, 
583 

Limentis  arahippus — 440 

Litter  decomposition — 652 

Lumbricidae   spp. — 254 

Malacosoma  fragile  incura — 582 

Marmara   spp. — 213,  440 

Marssonia   spp. — 110,  229 

Marssonia  brunea — 170,  255,  535 

Marssonia  populi-nigrae — 170 

Melampsora   spp. — 18,  229,  601 

Melampsora  medusae — 180,  205,  440,  535,  536, 
612,  634 

Melampsora  populina — 42,  129,  590-592 

Melampsora  populnea — 6 

Melasoma  populi — 117 

Mensuration— 126,  269,  472,  500,  510 

49 



Messa  populifoliella — 606 

Mice--83 

Mine  spoils~366,  380,  488 

Models— 219,  220,  401 

Morduilkoja  vagabunda — 564 

Morphology — 22,  351 

Myoetobia  divergens — 134 

Mycosphaerella  populonm — 207 

Mycorrhizae— 204,  627-629 

Nematodes— 130,  310,  407,  427,  521,  522, 
531 

Nurseries — 1,  236 

Nutrient  relations 

Burning— 603,  604 
Calcium— 595,  596 

Copper — 2 
Disease— 590-592 

Foliage— 102,  113,  171,  240,  282,  312, 
333,  335,  649 

General— 70,  92,  140,  217,  242,  236, 
286,  321,  366,  368,  380,  424,  484, 
498,  505,  533,  578,  646,  647 

Lime— 51 

Nitrogen— 38,  46,  52,  102,  113,  171, 
183,  234,  235,  240,  282,  312,  333, 
335,  337,  416,  443,  511,  572, 
648,  649 

Phosphorus— 46,  256,  339 
Potassium— 46,  256,  420,  421,  479 
Water— 163,  246,  277,  673 

Oberea  delongi — 440 

Oberea  sohavanii — 440 

Onaometopia  orbona — 440 

Paohypsylla   spp. — 372 

Paohypsylla  manvna — 178,  372 

Paahypsylla  venusta — 178 

Paohypsylla  vesiculwn — 178,  372 

Paraleuaoptera  albella — 440 

Paranthrene  dollii — 8,  440,  453 

Paranthvene  tricinota — 440 

Peniailliim   spp. — 114,  571 
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Periderm — 74-77 

Phloem— 5,  88,  283,  425,  554,  556,  619,  658 

Phoma   spp. — 518 

Phomopsis  macrospora — 202,  203,  440 

Phyllosticta   spp. — 440 

Physalospora  rhodina — 201 

Physiology— 148,  270 

Pichia   spp. — 311 

Plagiodera  versicolor — 117 
Planting 

Depth— 272,  320,  485,  651 
General— 321,  396,  398,  402,  432,  538, 

579,  580,  632 
Orientation— 104,  328,  386 

Roots— 227 
Season — 95 

Plantations 

Animal  damage — 83,  580 
Disease— 8,  45,  206 
General— 398,  426,  432,  503,  566 

Spacing— 348,  431,  580,  581 
Weed  control— 111,  212,  344 
Yield— 36,  113,  380,  434 

Platanus   spp. 

Air  pollution — 527 
Anthracnose — 458 

Cytology— 528 
Fungi— 201,  458,  493 

Platanus  oaaidentalis 

Air  pollution — 297 
Allelopathy— 12,  13 
Animal  damage — 580 
Anthracnose — 455,  458 

Cambial  growth — 343 
Cultivation — 231 
Dieback— 206 
Economics — 179,  566 

Felling — 617 
Fertilizers— 231,  286,  337 
Flooding— 103,  271,  273,  275,  276,  278, 

331,  390 
Forest  area — 573 
Forest  types~39,  41,  376,  377,  568,  617 
Fungi— 17,  20,  187,  206,  259,  296,  427, 

455,  458,  546,  580,  611,  613 

Fungicides — 17 
Genetics  &  breeding — 643 
Gradient  analysis — 39,  41 

Growing  season — 322 
Growing  stock  volume — 573,  574 
Growth  (see  also  juvenile  growth) — 62,  63, 

103,  234,  427,  488 
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Flatanus  occidentalis    (cont.) 

Insect  pests~166-168,  387,  388,  389, 
400,  427,  580 

Juvenile  growth  (see  also  growth) — 63, 
95,  100,  275,  385,  427,  580,  643 

Leaf  scorch — 206 

Light  relations— 322,  429,  469,  617 
Mine  spoils — 488 
Mortality — 574 
Nematodes— 130,  427,  521,  522 
Nutrient  relations— 140,  234,  277,  286, 

333,  337,  366,  533 

Physiology — 270 
Plantations— 36,  206,  566,  580,  581 
Planting— 95,  227,  386,  396,  579,  580 
Pruning — 172,  664 
Regeneration — 279 
Respiration — 429 
Root  growth — 227,  247 
Root  rot — 611,  613 
Saw  log  production — 59,  573,  574 
Seed— 37,  66-68,  273,  427 
Seed  germination — 71,  279 
Seed  production — 287 
Seed  viability — 71 
Seedlings— 62,  103,  275,  276,  279,  429 
Self  pollenation — 35 
Silvical  characteristics — 427 
Soil— 140,  288 
Specific  gravity — 533 
Succession — 366,  377,  427 
Temperature  relations — 63,  322 
Variation— 542,  578,  597,  598,  643 
Veneer-log  production — 54 
Volume — 36 

Water  relations— 39,  41,  62,  65,  95, 
100,  103,  133,  140,  163,  270,  273, 

275-278,  331,  377,  390,  427,  552, 
617,    662 

Weed  control — 212 
Weedkillers— 260 

Wood  anatomy— 270,    300,    344,    393,    473, 
597 

Wood  chemistry — 437 
Wood  properties— 300,    533,    580 
Yield— 36,    133,    179,    532,    566,    580,    581 

tatypus  sulcatus — 530 

I'tectrodera  scalator — 440,   453 

Pleurotus  ostreatus — 440 

Podoseia  spp. — 462 

Podosesia  syringae — 462,    569 

Pollution    (see   air   pollution) 

Polypcrus  spp. — 571 

Polyporus   luaidus — 440,    611 

Potypotrus  sulphureus — 589 

Polyporus  versicolor — 251 

Populus   spp. 

Air  pollution— 298,  670 
Animal  damage — 83,  258 
Bacteria— 470,  523,  624 
Bibliographies — 195,  497 
Buds— 358,  474 

Diameter  estimation — 269 
Disease— 171,  244,  259,  523 
Dormancy — 474 
Economics — 459 
Fertilizers— 9,  21,  171,  183,  235,  368, 

420,  421 

Frost  effects— 368,  524,  677 

Fungi— 6,  7,  18,  42,  53,  73,  110,  129,  170, 
229,  257,  259,  314,  349,  368,  406,  478, 
493,  536,  561,  562,  582,  588-592,  625, 
634,  679 

Fungicides— 110,  127 
Genetics  &  breeding — 229,  423 
Growth  (see  also  juvenile  growth) — 90,  183, 

490 

Growth  regulators — 501 
Insect  pests— 4,  15,  16,  32,  116-121,  126, 

138,  150,  151,  223,  225,  244,  248-250, 
406,  444,  482,  582,  659 

Insecticides — 16,  117,  118,  120,  150, 
444,  482 

Juvenile  growth  (see  also  growth) — 90 
Leaf  development — 161 
Light  relations— 157,  161,  224,  384,  474,  490 
Mensuration— 126,  269,  471,  511 
Nurseries— 1,  117,  236 
Nutrient  relations— 2,  171,  183,  235,  236, 

256,  368,  420,  421,  443,  511,  590-592, 
595,  596 

Phosphatase — 534 
Plantations — 45,  83 
Planting— 272,  632 
Pollen— 285 
Pruning— 157,  496 
Regeneration— 501,  550,  632 
Respiration — 161,  224 

Rhizosphere — 502 
Root  growth — 90 
Seed— 285 

Seedlings — 123 
Silviculture — 632 
Site  index — 153 
Slime  flux— 624 
Soil— 502 

Temperature  relations — 474,  490,  524,  596, 
630,  631,  677 

Thinning — 567 
Translocation — 534 
Utilization — 459 
Variation — 383 
Virus— 3,  45,  47,  48,  229,  450,  451 
Volume— 472,  510 
Water  relations— 157 ,  236,  490 
Weed  killers— 1,  9,  123,  127,  468,  487, 

567,  605,  661,  669 
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Populus   spp.  (cont.) 

Wood  anatomy — 295 
Wounds — 53 
Yield~126 

Populus  deltoides 
Air  pollution— 299,  318 
Amino  acids — 162 

Animal  damage — 346,  398 
Bacteria~237,  61A,  641 
Buds— 22,  145,  147-149 
Clearcut — 617 
Cultivation— 231,  330,  397,  431,  651 

Cytology — 146,  404,  446 
Drought— 304,  448,  509 
Economics — 636 

Embryogeny — 108 
Epicormic  branching — 245,  663 
Dormancy — 125,  467 
Felling — 647 
Fertilizer— 38,  51,  52,  112,  231,  282, 

320,  321,  416,  424,  432,  572 

Flooding— 103,  273,  275,  276,  278,  305, 
306,  331,  382,  403,  509,  551 

Floral  morphogenesis — 108 
Flowering— 188,  190 
Forest  area — 573 

Forest  types— 39,  41,  141,  306,  325, 
377,  486,  551,  568,  617 

Freezing — 525 
Fungi— 44,  73,  167,  180,  200,  202,  203, 

205,  207,  237,  255,  259,  296,  309, 
440,  535,  543,  601,  609,  610,  612, 
627,  629 

Genetics  &  breeding— 84,  93,  158,  193, 
245,  307-309,  549,  601,  602,  655, 
656,  672 

Gradient  analysis — 39,  41,  306 
Growing  stock  volume — 573,  574 
Growth  (see  also  juvenile  growth) — 28, 

38,  46,  92,  97,  98,  103,  109,  112, 
113,  135,  189,  193,  197,  307,  330, 

347,  359-361,  374,  380,  382,  416, 
432,  433,  503,  646,  665 

Growth  regulators— 28,  197,  467,  505 
Growing  season — 322 
Height— 189 
Herbicides— 345,  468 
Ice  damage — 306 
Insect  pests— 8,  98,  137,  138,  253, 

375,  398,  439,  440,  453,  476,  477, 

530,  564,  570,  584-586,  606,  621, 
668 

Insecticides— 137,  138,  432,  453 

Juvenile  growth  (see  also  growth) — 64, 
70,  95,  99-101,  164,  194,  275,  320, 
321,  538,  603,  604,  649 

Leaves— 148,  149,  159,  240,  293, 
359-361 

Light  relations— 125,  159,  160,  164, 
261,  262,  265,  322,  359-361,  405, 
469,  509,  583,  617 

Mine  spoils— 366,  380 
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Foputus  deltoides    (cont.) 

Morphology— 22,  146-149 
Mortality — 574 
Mycorrhizae — 627,  629 
Nematodes — 407  '; 
Nutrient  relations— 38,  46,  51,  52,  70,  92,  102,!: 

113,  140,  217,  218,  240,  242,  246,  282,     [ 
321,  366,  380,  417,  424,  484,  505,  603, 

604,  646-649 
Physiology — 270 
Plantations— 8,  111,  113,  345,  380,  426, 

431,  432,  434,  503 

Planting— 95,  104,  320,  321,  398,  402,  432, 
485,  538,  651 

Pruning— 321,  347,  431,  663 

Pulp  production — 56,  57 

Quality— 98 
Range— 549 
Regeneration— 141,  279,  303,  306,  549 
Resin  glands— 148,  149 

Respiration — 160 
Roots— 24,  265,  321,  620,  656 
Saw  log  production— 55,  56,  58,  59,  573,  574 
Seed— 23,  25,  66,  190,  194,  273,  279 
Seedlings— 103,  275,  276,  279,  403,  435,  538 
Sex  ratio— 108,  189 

Shake— 641 
Silvical  characteristics — 402,  508 
Silviculture — 402 
Site  evaluation — 95,  398 
Site  index— 95,  98 

Site  preparation — 101,  398 
Slash— 603,  604,  610 
Soil— 101,  140,  321,  366 

Spacing— 348,  431 
Stem  form— 38,  84,  189 

Succession— 306,  366,  377,  402,  486,  660 

Taxonomy — 549 
Temperature  relations— 125,  188,  191,  194, 

322,  433,  525 

Thinning— 348,  431,  452 
Translocation — 164,  360,  467 
Transpiration — 64,  191,  509 
Variation— 23-25,  148,  158,  180,  190,  192, 

193,  196,  218,  307,  308,  435,  494,  504, 
601,  638,  655,  672,  674 

Veneer-log  production — 54,  56 
Volume  estimation — 434,  646,  666 
Water  relations~39,  41,  64,  95,  97,  99, 

100,  102,  103,  106,  140,  191,  193,  194, 
246,  270,  273,  275,  276,  278,  304,  305, 
331,  377,  382,  403,  404,  433,  448,  551, 
617,  662 

Weedkillers— 27,  106,  111,  321,  345,  374, 
415,  665 

Wetwood — 614 
Wind throw — 377 
Wood  anatomy— 46,  84,  189,  196,  217,  218, 

270,  290-292,  294,  300,  494,  495,  638 
Wood  chemistry — 437,  447 

Wood  quality— 38,  84 
Yield— 84,  92,  112,  113,  144,  246,  348, 

398,  434,  635,  636 

I 

4 
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rionoxystus  robinae — 570,  571 

t^rodiplosis  morrisi — 225,  440 

'rotection — 632 

runing  (see  also  root,  pruning) 

Epicormic  sprouting — 663 
General~157,  172,  321,  431,  496 
Growth— 347,  667 
Tolerance  to — 664 

seudomonas   spp. — 624 

seudomonas  syringae — 470 

teridiospora  spinosispora — 204 

uaainia  peridermiospora — 19 

ulp  production — 56,  57 

abbits — 580 

egeneration 
General— 238,    284,    549 
Natural— 141,    273,    274,    279,    303,    306, 

362,    410,    501,    632 

p.spiration— 160,    161,    224,    429 

Tizosphere — 115,    502 

JOt 

Grafting— 150,  341,  383 
Growth— 24,  90,  227,  247,  265,  321,  576 
Pruning — 664 
Strength— 621 

jsellinia  necatvix — 562 

ulix   spp.  (see  Salix  nigra) 

alix  nigra 
Flooding— 103,  259,  276,  278,  306,  331, 

551 

Forest  types— 306,  456,  551,  568 
Freezing — 525 
Fungi~259 
Gradient  analysis — 306 
Growth— 103 

Growth  regulators — 501 
Insect  pests — 128 
Nutrient  relations — 140 

Planting— 402 
Pulp  production — 56 
Regeneration — 279,  501 
Saw  log  production — 56 
Seed— 279 

Seedlings— 103,  276,  279 
Silvical  characteristics — 402 
Silviculture — 402 
Soil— 140 

Salix  nigra    (cont . ) 

Succession— 306,  377,  402,  486,  660 
Temperature  relations — 525 
Veneer-log  production — 56 
Water  relations— 103,  140,  276,  278,  331, 

551 

Sampling — 350 

Saperda  calcarata — 8,  440,  453 

Saw  log  production— 55,  56,  58,  59,  573 

Saolytus   spp.— 150,  233 

Soolytus  multistriatus — 34,  209,  226,  317, 
336,  381,  428,  618,  633,  644 

Saolytus  scolytus — 33,  336,  633 

Seed 

Crop  prediction — 285 
Fungi— 173,  222 
General— 37,  66,  279,  284,  370,  427 
Growth  regulators — 587,  607 
Moisture— 68,  194,  273 
Production— 67,  287 
Tests— 71,  273 

Timing — 69 
Variation— 23,  25,  190,  577 

Septoria   spp.— 110,  535 

Septoria  musiva — 207,  440 

Septotinia  podophyllina — 314 

Shake— 641 

Shelterbelts— 228,  374 

Site  index— 96,  98,  153 

Site  preparation — 101 

Slash— 603,  604,  610 

Slime  flux— 134 

Soil 

Aeration — 673 

Compaction — 101 
Floodplain— 280,  306,  325,  377,  540, 

541,  648 
Flora— 502 
Fungi— 237,  409,  465 

Organic  matter — 254 
Influence  of  succession  on — 366 

Influence  on  growth — 288,  321,  484 
Influence  on  vegetation — 140,  512 

Sphaerographium   spp . — 518 
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Sphaeropis     spp. — 518 

Stem  form  (see  form) 

Stemoahetus   lapathi    (see  Cryptorrhynahus 
lapathi) 

Stomates — 154,  480 

Succession 

Fungi— 409 
General— 29,  143,  243,  274,  280,  301, 

357,  366,  377,  402,  427,  486,  639, 
640,  660 

Mine  spoils — 365 
Seedlings— 391 

Syrphidae   spp. — 310 

Taphrina  populina — 440 

Telonomus  alsophilae — 131,  174 

Temperature  relations 

Dormancy— 125,  188,  474,  515 
Frost— 466,  524,  525,  677 
General— 63,  80,  322,  363,  399,  433, 

490,  596 
Germination — 194 
Heat— 630,  631 
Insects — 34,  401 
Transpiration — 191,  480 

Tension  wood— 43,  139 

Tetranyohus  telacius — 482 

Thinning— 410,  431,  441,  442,  452,  567 

Thysanoch&nis  bisahoff — 30 

Thysanoahemis  hevola — 30 

Tortrioidae   spp. — 440 

Traoheoniscus  rathkei — 652 

Translocation— 87,  162,  164,  360,  467, 
516,  534 

Transpiration— 11,  64,  154,  191,  394,  480, 
498,  509 

Triahoderma   spp. — 571 

Tropidosteptes  paaificus — 645 

Ulmus   spp . 

Bibliographies — 181,  367 
Cytology— 528 
Density — 315 
Dutch  elm  disease— 49,  72,  107,  209, 

210,  226,  268,  315,  317,  336,  340, 
367,  392,  563 

54 

Ulmus   spp.  (cont.) 

Forest  area — 573 
Form — 302 

Flooding— 103 
Frost  cracks — 466 

Fungi— 18,  20,  49,  72,  107,  209,  210,  226, 
268,  315,  317,  336,  340,  367,  392,  465, 
506,  562,  563 

Genetics  &  breeding — 529 
Growing  stock  volume — 573,  574 
Growth— 103 

Insect  pests— 33,  131,  174,  175,  198,  209, 
210,  226,  232,  233,  283,  317,  336,  367, 
381,  593,  618 

Leaf  litter — 254 

Light  relations — 50 
Mortality — 574 
Phloem  necrosis — 5,  283 
Pollen— 285 

Pulp  production — 56-58 
Saw  log  production — 55,  56,  59,  573,  574 
Seed— 285 

Seedlings — 103 
Succession — 143 

Taxonomy — 520 
Temperature  relations — 466 
Variation — 563 

Veneer-log  production — 54,  56 
Virus— 5,  283 

Weedkillers— 182,  199,  669,  680 
Water  relations — 103 

Ulmus  americana 

Air  pollution — 527 
Animal  damage — 489 
Bacteria — 571,  641 
Buds— 323,  351,  515 

Cell  growth— 186,  438 

Cotyledons— 411-414 

Cytology — 447 
Dormancy — 351,  515 
Dutch  elm  disease— 10,  11,  150,  155,  173, 

210,  226,  268,  327,  340,  343,  354,  355, 
392,  394,  419,  422,  428,  454,  456,  491, 
492,  514,  516,  526,  544,  545,  548,  555, 
557,  558,  563,  633,  644,  676 

Elm  scorch — 644 
Forest  types— 39,  306,  325,  376,  377,  539, 

568,  617,  639,  640 

Flooding— 103,    273,    276,    278,    305,    306,   390 
Form  class — 302 
Fruit~577 

Fungi— 10,  11,  150,  155,  173,  208,  210, 
268,  340,  343,  354,  355,  370,  392,  394, 

419,  422,  428,  454,  456,  491,  492,  499,' 
506,  514,  516,  526,  544-548,  555,  557,  . 
558,  563,  571,  628,  633,  644,  676 

Genetics  &  breeding— 319,  369,  370 
Gradient  analysis — 39,  306 

Growth  (see  also  juvenile  growth) — 94,  103, 
197,  228,  414,  619 

Growth  regulators — 197,  323 
Hormones — 438 

OT! 
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Ulmus  americana   (cont . ) 

Insect  pests~34,  134,  150,  210,  226,  327, 
428,  570,  571,  633,  644 

Juvenile  growth  (see  also  growth) — 461 
Leaves — 312 

Light  relations— 154,  412,  413,  480,  514, 
516 

Morphology — 351 
Mortality — 574 
Mycorrhizae — 628 
Nutrient  relations~140,  312,  479,  673 
Phloem— 619 

Phloem  necrosis— 5,  88,  425,  554,  556, 
658 

Pollenation — 365 

Regeneration — 238,  306 
Root  grafting— 150,  383 
Seed— 66,  173,  273,  279,  371,  577 
Seedlings— 103,  276,  279,  371,  411-414, 

461,  544,  545,  577 
Shake— 641 

Soil— 140,  512,  673 
Slime  flux— 134 

Stomates— 11,  154,  480 
Succession— 306,  377,  639,  640,  660 
Temperature  relations — 34,  480,  515 
Tension  wood — 43,  139 
Translocation — 516 

Transpiration— 11,  154,  394,  480 
Variation— 370,  422,  555,  557,  558,  563, 

577 

Virus— 5,  88,  214,  425,  436,  554,  556, 
637,  658 

Water  relations— 11,  39,  103,  140,  154, 
155,  273,  276,  278,  305,  377,  390, 
394,  480,  514,  617,  622,  623,  673 

Weedkillers— 27,  633,  656 
Wood  anatomy— 43,  139,  184-186,  445 
Wood  chemistry — 447 
Wounds — 457 

Xylem— 438 

alsa  sordida—7,   53,  203,  440,  543 

ariation 

Bud— 146,  149 
General— 146,  158,  307,  308,  384,  435, 

477,  480,  494,  504,  542,  600,  655, 
672,  674,  675 

Growth— 135,  193 
Pathogen— 219,  548 
Resistance— 180,  370,  422,  547,  555, 

557,  558,  563,  601 

Rooting — 24 
Seed— 23,  25,  190,  577 
Wood  property— 196,  316,  475,  597,  598, 

638,  643 

egetation  types  (see  floodplain  forest) 

'eneer-log  production — 54,  56 

enturia  maaularis — 561 

Vevticillivm   spp. — 115,  216 

Verticilliim  albo-atrum — 215,  266,  268, 
326,  370,  506 

Virus 

Elm  mosaic — 5,  214,  436 
General— 3,  47,  229,  283 
Leaf  roll— 638 

Phloem  necrosis— 88,  425,  454,  456,  658 
Poplar  mosaic — 45,  48,  450,  451 
Ringspot— 263,  264 
Tobacco  mosaic — 352,  353 

Volume  estimation — 434,  472,  574,  666 

Waterfowl — 97 

Water  relations 

Drought— 64,  65,  74,  81,  124,  154,  304, 

448 
Flooding— 97,  103,  219,  220,  273,  275, 

276,  278,  382,  390,  403,  673 
Fungi— 11,  151,  394 
General— 39,  41,  99,  100,  106,  140,  156, 

236,  277,  305,  331,  377,  404,  411,  427, 
480,  540,  541,  551,  552,  559,  617,  622, 623 

Growth— 62,  63,  133,  163,  193,  194,  246, 
363,  433,  481,  490,  514 

Insects— 399,  401 
Nutrients— 102,  335 

Photosynthesis— 157,  191,  490,  514,  560 
Planting — 95 
Vascular  tissues — 270,  662 
Weedkillers— 87 

Weed  competition— 106,  321,  332,  345,  363, 
374,  426,  487 

Weedkillers 

Aminotriazole  +  atrizine — 123 
'Amitrole'— 657 

Amizine — 106 
Atrizine— 27,  111,  657 
Benzabor — 669 
Borate — 669 
Bromacil — 260 

Cacodylic  acid — 442,  567 
'Casoron' — 27 

Dalapon — 415 
Dicamba — 85,  441 
Dichlobenil— 111,  415,  657 

Diphenimid — 413 
Diuron— 27,  374,  415 

Fenoprop — 182 
Fenuron— 122,  680 

Fluomentum — 374 
General — 363,  665 
'Kerb'— 123 

Methyl  bromide — 127 
Nitralin — 665 

Nitrofen — 1 55 



Weedkillers  (cont.) 

Paraquat — 85,  111 
Picloram— 182,  199,  441,  449,  661 

Propanil — 1 
Simizine~27,  86,  111,  374,  415,  657 
'Sirmate'~123 

Timing  of — 85 
'Tordon'~199,  449,  661 
•Treflan'~123 
Trifluralin— 1,  665 
•Urab'— 487 
2,4-D— 27,  122,  199,  462 
2,4,5-T— 85,  87,  122,  182,  449,  462,  642 
2 , 6-dichlorothiobenzamide — 468 ,  605 
4-amino-3 , 5 , 6-trichloropicolinic  acid — 

642 

Wetwood— 523,  614 

Wood  anatomy 

Cambium--186,  270,  294,  344 
Chemistry — 437,  447 
Fibers— 292,  316,  494,  495 
General~46,  84,  139,  217,  218,  290,  291, 

295,  300,  393,  397,  445,  533,  557, 
575,  597,  598 

Lignin — 43 
Sieve  elements — 184,  185,  473 
Specific  gravity— 189,  196,  495,  638 

Wood  quality — 38,  84 

Xiphinema  omeriaanum — 531 

Xyloterinus  politus — 210 

Xylem— 438 
Yield 

Biomass — 532 
Economics — 179,  566,  636 
Fiber— 246 
Gener&l— 92,  98,  112,  193,  329,  348, 

398,  580,  635 

Improved — 84,  144 
Site~98 

Spacing— 329,  581 
Tables— 36,  126,  434 
Weight— 113,  133 
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Shifley,  Stephen  R. ,  and  Kenneth  M.  Brown. 

1978.   Elm-ash-cottonwood  forest  type  bibliography.   U.S. 
Dep.  Agric.  For.  Serv.  Gen   Tech.  Rep.  NC-42,  56  p.   North 
Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Lists  679  references,  arranged  by  author's  names,  on 
the  biology,  ecology,  silviculture  and  mensuration  of  the 

elm-ash-cottonwood  type  and  its  component  species.   Indices 
for  species,  subjects,  and  second  authors  are  appended. 
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Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Lists  679  references,  arranged  by  author's  names,  on 
the  biology,  ecology,  silviculture  and  mensuration  of  the 

elm-ash-cottonwood  type  and  its  component  species.   Indices 
for  species,  subjects,  and  second  authors  are  appended. 
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FOREST  FIRE  REPORTING 
BY  THE  NORTHEASTERN  STATES 

Linda  R.  Donoghue,  Research  Forester 
East  Lansing,  Michigan 

protection  requires  careful  planning  based 
urate  information  on  past,  present,  and 
ed  fire  activity.  Recorded  fire  data,  taken 
lidividual  report  forms,  provide  the  major 
of  information  for  this  planning.  The 

less  of  fire  protection  plans,  budgets, 
als,  and  administrative  policies  are  fre- 
t  governed  by  the  completeness  and  relia- 
If  available  statistics.  In  addition,  standar- 
ind  accurate  fire  data  provide  important 
jor  fire  management,  fire  prevention,  and 
ilearch  efforts. 
1 

;ie,  conflicting,  or  inconclusive  statistics  eu-e 
iig  and  frustrating  for  fire  protection 
:^s.  Moreover,  erroneous  conclusions  can  be 
f  definitions  of  fundamental  fire  elements 

I  uniform.  Thus,  it  seems  imperative  that 
ilete,  inaccurate,  and  conflicting  data 

!'^  by  different  standards  of  reporting  be 
)3d.  This  paper  documents  data  presently 
cd  on  State  fire  report  forms  and  suggests 
c  s  for  improving  design  of  these  forms  as  a 
/vard  uniform  and  accurate  compilation  of 
J  data. 

FIRE  REPORT  FORM 
INFORMATION 

lint  and  kind  of  information  entered  on  fire 

t  varies  from  State  to  State  depending  on 
ictors   as   workload,    management    tech- 

!5  budget  restrictions,  and  legislative  mzm- 
able  1).  In  1968  the  National  Association  of 
Dresters  requested  a  study  of  uniform  fire 

tiformation.  As  a  result,  a  Task  Force  iden- 
asic  items  that  should  be  reported  by  all 
re  control  agencies  as  of  January  1,  1970 

eiix).  Most  States  adopted  but  did  not  to- 
il plement  the  recommendations. 

Reported  Fire  Data 
1.  Fire  Location:  The  most  frequently  used 

method  of  reporting  fire  location  was  by  county, 
section,  township,  and/or  range  (the  legal 
description),  emd  district.  Two  of  the  basic  items 
identified  by  the  Uniform  Fire  Reporting  Task 
Force  were  State  and  county  where  fire  started. 
Although  State  is  not  included  as  a  separate  item, 
it  appears  on  the  heading  of  all  the  fire  reports. 
County  is  present  on  17  of  the  20  forms.  Only  25 
percent  of  the  States  include  watershed  where  fire 
started,  an  item  strongly  recommended  but 
considered  optional  by  the  Task  Force. 

2.  Fire  Cause:  Methods  of  reporting  general 
cause  vary  and  are  somewhat  ambiguous.  Slightly 
more  than  50  percent  of  the  States  use  the  nine 
general  causes  established  and  defined  by  the 
Task  Force  (Appendix).  Of  those  States  departing 

from  these  guidelines,  three  include  all  nine  cate- 

gories but  substitute  "machine  use"  for  "equip- 
ment use".  Two  others  follow  the  same  pattern  in 

addition  to  omitting  railroad  and/or  children 

cause  categories,  and  one  State  adds  "lumber- 
ing" as  a  tenth  general  cause.  Some  States 

require  the  reporter  to  write  in  causes  and  others 
report  specific  causes,  which  vary  widely  from 
State  to  State. 

General  cause  definitions  differ  greatly.  Only 
one  State  follows  word-for-word  the  Task  Force 
basic  definitions  of  general  causes.  A  few  use 
them  but  include  additional  explanations  or  in- 

structions. Some  States  conform  loosely  to  the 

Task  Force  definitions,  and  others  don't  conform 
at  all. 

Even  though  general  causes  are  conceptually 
the  same  between  the  States,  reporters  may  be 
classifying  fires  of  the  same  cause  under  different 



Table  1 .  —Information  included  on  individual  fire  report  forms  for  20 
north-central  and  northeastern  States^ 

Reported  Fire  Data 
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Fire  location^ 
X X X X X X X X X X X X X X X X X X X X 

20 

100 

Fire  cause  ̂  
X X X X X X X X X X X X X X X X X X X X 20 100 

Acreage  burned^ 
X X X X X X X X X X X X X X X X X X X X 

20 

100 

Date  of  fire^ 
X X X X X X X X X X X X X X X X X X X X 20 

100 
Fire  times X X X X X X X X X X X X X X X X X X X X 20 100 
Authorized  signature X X X X X X X X X X X X X X X X X X X X 

20 

100 

Class  of  people 
responsible  for  fire X X X X X X X X X X X X X X X X X X X X 20 100 

Suppression  activity^ 
X X X X X X X X X X X X X X X X X X X 19 95 

Fire  reported  or 
discovered  by X X X X X X X X X X X X X X X X X X 

18 

90 

Land  ownership^ 
X X X X X X X X X X X X X X X X X 17 

85 

Fire  or  report  number X X X X X X X X X X X X X X X X 

16 

80 

Fire  danger  and /or 
weather X X X X X X X X X X X X X X X 15 75 

Damage  appraisal X X X X X X X X X X X X X X X 15 

75 

Comments,  remarks. 
or  summary X X X X X X X X X X X X X X 

14 

70 

Fuel  and  cover  types X X X X X X X X X X X X X 

13 

65 

Law  enforcement X X X X X X X X X X X X X 

13 

65 

Map  of  burned  area X X X X X X X X X X X 11 

55 

Size  class^ 
X X X X X X X X X X X 11 55 

Certainty  of  cause 
or  origin X X X X X X X 7 35 

Railroads X X X X X X X 7 35 
Fire  discovery 

reported  to X X X X X 5 

25 

Character  of  fire X X X X X 5 25 
Officer  in  charge 

of  fire X X X X X 5 

25 

Type  of  fire  report X X X X X 5 25 

Fire  originated 
under  permit X X X X 4 20 

Date  of  report X X X 3 15 
Fire  tower X X X 3 15 

Date  report  received 
and  investigated X X X 3 

15 

Name  of  fire X X 2 

10 

Average  tree  size 
(d.b.h.) X X 2 

10 

Area  burned  before X X 2 10 

Fire  originated 
(highway;  plantation) X 1 5 

If  nonforest  fire  could 
fire  have  spread  to 
forest? X 1 5 

Number  of  sets X 1 5 

^  Some  of  the  categories  include  a  broad  range  of  items  pertaining  to  the  same  general  topic,  and  in  a  few  cases  the 
data  are  not  mutually  exclusive.  But,  on  the  whole,  the  fire  report  information  fits  into  these  listed  categories. 
Categories  containing  required  and/or  optional  items  recommended  by  the  Uniform  Fire  Reporting  Task  Force  (Appendix). 

categories.  This  is  due  in  part  to  nonuse  of 
existing  standardized  terminology  and  to  vague, 
incomplete,  or  nonexistent  cause  definitions. 

3.  Acres  Burned:  Because  reporting  methods 

for  "acres  burned"  are  so  diversified,  they  pre- 
clude any  detailed  analysis  of  this  classification. 

Acreage-burned  categories  range  from  one  item  to 
as  many  as  13.  As  States  multiply  the  amount  and 

complexity  of  acreage  categories,  they  decn 
the  number  of  mutually  exclusive  items.  In  a 
tion,  reporting  complexity  is  greatly  increase 
the  practice  of  combining  under  one  item  ac 
burned  by  land  classification  with  those  bumet 
timber  or  cover  type.  Reporting  efficiency 
data  analysis  would  be  greatly  facilitated 
grouping  similar  items  under  one  location  on 



and  decreasing  the  number  of  reported 
ye  categories  to  those  required  by  the  Task 
or  to  those  actually  used. 

)ut  25  percent  of  the  States  utilize  the  Task 
recommendations  by  reporting  acres 

d  by  both  land  classification  and  ownership 
indix).  Most  of  these,  however,  use  different 

fiology  and  add  land  classifications  or  owner- 
categories  to  meet  their  specific  needs, 

igh  more  than  half  report  "acres  burned" 
ne  type  of  land  classification,  they  omit  re- 
g  land  ownership  acreage.  Forty  percent 
e  acres  of  naturally  regenerated  and/or 
jially  regenerated  land,  which  are  items  con- 
id  highly  desirable  but  optional  by  the  Task 

i  Roughly  the  same  percentage  report  "fire 
li  arrival"  and  acreage  of  various  vegetative 

d  5.  Date  and  Time  of  Fire:  '  'Date  of  fire' '  is 
ed  either  as  a  separate  item  or  as  part  of  fire 
lassifications.  Most  States  record  the  date 

ijtith,  day  and  year  but  one  reports  the  Julian 
;ode  (1-365  days)  and  year;  another,  the 
.month,  and  decade  of  the  month;  and  one 
lents  the  month  and  day  but  no  year! 

ugh  only  one-fourth  specifically  define  the 
of  fire  as  the  time  it  started  or  was 

;ered,  nearly  half  record  this  item  without 
larification.  Rather  than  reporting  this  cate- 
s  a  separate  item,  the  remaining  25  percent 

le  the  fire  date  with  their  fire  time  classifica- 

i  "date  fire  discovered"  by  month,  day,  and 
a  Task  Force  reporting  requirement.  Of  the 

tjtes  recording  this  item,  7  comply  with  this 
jfement  and  3  document  only  the  hour  of  dis- 
I  rather  than  the  date. 

II  following  times  are  reported  by  approxi- 
!^  75  percent  of  the  States:  fire  start  or  origin, 
{  or  attack,  controlled,  and  extinguished. 
Iss  frequently  reported  times  of  discovery 
cparture  appear  on  one-third  to  one-half  of 
fe  reports.  In  addition  to  the  hour  and/or 

■  s  documented  by  all  States  for  each  fire 
jitegory,  60  percent  record  month,  day,  and 

jnd  less  than  one-fourth  include  elapsed 
1 
►  Enhance  accurate  and  efficient  reporting, 

«pf  fire"  might  be  specifically  defined  as  the 

date  the  fire  started  or  was  reported,  or,  more 
importantly,  the  date  it  was  discovered— a  Task 
Force  requirement. 

6.  Authorized  Signature:  Signatures  of  fire  per- 
sonnel submitting,  reviewing,  and/or  approving 

the  report  range  from  one  to  three.  Approximately 
60  percent  of  those  requiring  signatures  record 
date-of-signatures  as  well. 

7.  Class  of  People  Responsible  for  Fire:  "Class 
of  people"  was  not  considered  necessary  for  na- 

tional statistics  by  the  Task  Force,  but  it  is  re- 
ported under  several  different  formats.  Half  of  the 

States  record  the  name  or  name  and  address  of  the 

person(s)  responsible  for  the  fire.  Nearly  three- 
fourths  supply  class-of-people  categories  for  the 
reporter  to  choose  from.  Of  these  about  half  indi- 

cate whether  the  landowner  or  occupant-tenant  is 
responsible  for  the  fire, 

8.  Suppression  Activity:  Suppression  activity 
data  consist  primarily  of  personnel,  ground  equip- 

ment, transportation  and  supplies,  and  jiircraft. 
Most  States  documenting  personnel  and  ground 

equipment  and  the  few  recording  aircraft-use 
report  data  such  as  number  of  people  or  equip- 

ment employed,  type,  hours  worked,  and  wage  or 
operation  costs.  In  addition,  a  few  include  infor- 

mation such  as  travel  method  and  distance  to  fire, 
amount  of  fire  line  constructed,  man-hours  to 
control,  and  method  or  type  of  attack. 

Although  the  Task  Force  strongly  recommend- 
ed reporting  cost  class  in  order  to  stratify  fires  by 

approximate  suppression  cost,  only  a  few  States 
do;  however,  three-fourths  report  total  suppres- 

sion cost. 

9.  Fire  Reported  or  Discovered  By:  Most  re- 
ports include  aircraft  and  lookout  tower  categories 

and,  less  frequently,  categories  of  State  and/or 
cooperating  personnel  and  the  public  discovering 
or  reporting  the  fire. 

10.  Land  Ownership:  Slightly  less  than  half  of 
the  States  reporting  this  item  require  the  nsime 
and  address  of  the  landowner.  The  others  include 

specific  ownership  classifications.  Approximately 
one-third  report  land  ownership  in  conjunction 
with  their  acreage  categories. 

The  Task  Force  requirements  include  "owner- 
ship at  start"  of  fire,  and  whether  that  ownership 



is  State,  private,  or  Federal.  At  least  two-thirds  of 
the  States  comply  with  this  requirement.  In  addi- 

tion, several  add  more  detail  to  ownership  cate- 

gories by  including  items  such  as  county,  munici- 
pal, railroad,  highway,  individud,  corporation,  or 

other. 

11.  Fire  or  Report  Number:  A  fire  or  report 
number  is  assigned  to  each  incident  to  avoid 

duplication.  This  distinct  identity  is  important  for 
filing  and  automatic  data  processing. 

12.  Fire  Danger  and/or  Weather:  Three- 
fourths  of  the  States  report  information  on  fire 
danger  and/or  fire  weather  on  the  fire  report 
forms.  This  includes  components  of  the  National 
Fire  Danger  Rating  System  (Deeming  et  al.  1972) 
and  other  various  fire  danger  indexes.  Weather 
data  are  usually  restricted  to  wind  speed. 

13.  Damage  Appraisal:  Damages  are  recorded 

as  monetary  losses,  commercial  and/or  noncom- 
mercieil  forest  land  losses  and  in  some  cases 

volume  of  timber  lost.  Other  major  reported 
damage  categories  include  nonforested  land, 

wildlife,  recreation,  real  property,  personal  pro- 
perty, and  watershed. 

14.  Comments,  Remarks,  or  Summary:  This 
item  is  used  to  clarify  what  is  recorded  in  other 
data  spaces  or  to  document  additional  important 
information  so  that  someone  not  present  at  the  fire 
will  understand  what  happened.  One  to  two  lines 
to  half  a  page  are  allocated  for  this  item  on  State 
fire  reports. 

15.  Fuel  and  Cover  Types:  The  fuel  categories 
listed  appear  to  be  specific  breakdowns  of  the 
three  major  land  classifications  specified  by  the 
Task  Force:  commercial  forest  land,  noncommer- 

cial forest  land,  and  nonforested  watershed. 

General  fuel  or  cover  types  most  frequently  re- 
ported include  conifer,  hardwood,  and  nonforest 

land  such  as  grass,  pasture,  marsh,  brush,  and 
shrubs.  A  few  States  record  National  Fire  Danger 
Rating  System  fuel  models  in  addition  to  the  data 
above. 

16.  Law  Enforcement:  Law  enforcement  items 
include  law  violations  and/or  action  taken  in  the 

form  of  prosecution,  conviction,  or  monetary 

settlement.  One-third  of  the  States  report  the 
outcome  of  court  cases,  and  only  a  few  require 
information  on  suspects,  motives,  witnesses,  or 
evidence. 

17.  Map  of  Burned  Area:  Slightly  moret' 
half  of  the  States  use  maps  to  indicate  locatio 
fire  in  relation  to  topographic  features.  Rej  >, 
map  information  includes  distance,  cardinal  i^ 
tion,  wind  direction,  and  fire  starting  i 
Almost  all  the  reports  with  maps  have  a  ] 

divided  rectangular  map  for  reporting  thelj 
description  of  a  fire.  ^ 

18.  Size  Class:  Fire  size  class  is  required  \  i^ 
Task  Force  for  uniform  fire  reporting.  Apju 

mately  half  of  the  States  reporting  this  iter  • 
the  size  classes  recommended  by  the  Task  ̂ 

(Appendix). 

19.  Certainty  of  Cause  or  Origin:  Data  relj 

ty  is  assessed  by  assigning  a  scale  of  certaii. 

observer  confidence  in  fire  report  entriese* 
some  reports  certainty  scales  are  assignee 
marily  to  fire  cause  and  time  of  origin.  One 

also  applies  them  to  person-responsible-fcj' 
and  to  land  ownership  categories.  Most  Stataif 

four  certainty  categories— possible-known,  ij 
al)le-known,  estimated-known,  and  probable-tij 
tive. 

20.  Railroads:  The  wide  variation  of  rm 

information  reported  includes  the  name  o  ■ 
railroad  responsible  for  the  fire,  fire  cause, *r 
and/or  locomotive  number,  direction  of  tif 

and  mile-post  or  location. 

21.  Fire  Discovery  Reported  to:  This  refer 
the  name  or  title  of  the  individual  or  sId 

receiving  the  first  report  of  the  fire.  * I 

22.  Character  of  Fire:  This  item  refers  b  [i 
behavior  on  arrival  and  fire  type.  Although  t  n 

nology  and  specific  breakdowns  of  these  '-ii 
vary,  the  basic  fire  types  to  emerge  inbi 

ground  fires,  surface  fires,  and  crown  fires. ■'« k 

23.  Officer-in-Charge  of  Fire:  Some  StaU^f 
port  the  officer-in-charge,  the  person  in  chai  ;fl 

suppression  action,  apart  from  their  fire  sup ' 
sion  data.  The  officer's  name  and  addresi; 
most  frequently  reported. 

24.  Type  of  Fire  Report:  These  data  ah 

used  to  indicate  the  amount  of  suppression  e  it-i 

ment  and  personnel  devoted  to  nonstatistical  :>i 
such  as  false  alarms.  Some  of  the  categories  'H 

to  report  types  of  fire  are:  forest  fire,  woodiiji 
endangered,   reportable,    violation,    legal  111 

  [ 

I 



ilarm,  nonservice,  blowover,  nonstatistical, 
ipplemental. 
Fire  Originated  Under  Permit:  Most  of  the 
reporting  this  item  require  a  yes  or  no  entry 
ting  whether  or  not  a  wildfire  originated 
a  permit  to  bum. 
Date  of  Report  (Month,  Day,  Year):  Date  of 
usually  refers  to  the  day  of  fire  report  com- 

1.  It's  often  used  for  internal  monitoring  of 
port  processing  time. 

Number  of  Sets:  In  discussing  reportable 
nd,  in  particular,  multiple  sets  such  as  a 
of  incendiary  or  railroad  fires,  or  Ughtning 
,  the  Task  Force  states  that  the  number  of 
ible  fires  would  be  determined  by  the 
!r  of  separate,  final,  control  perimeters. 
Iso  maintain  that  the  number  of  sets  should 

icated  for  each  reportable  fire.  Only  one 
provides  space  for  this  on  its  fire  report 

A  Step  Toward  Uniformity 

•mparison  of  the  State  fire  report  data  indi- 

"our  common  problems:  (1)  lack  of  standard 
ology  and  reporting  procedures;  (2)  ambi- 
Iitem  labeling;  (3)  duplicate  reporting;  and 
jrporation  of  excess  information. 

ise  problems  could  be  minimized  by  adopt- 
;b  following  suggestions.  First,  update  the 

»3ary  of  Terms  Used  in  Forest  Fire  Control" 
h  Forest  Service  1956)  to  include  more  terms 

1  the  reporting  process,  and  utilize  the  Uni- 
ifire  Reporting  Task  Force  recommenda- 
I Second,  state  specifically  in  item  captions 
formation  desired  and  include  a  clear  expla- 
)  of  that  item  in  the  report  form  instructions, 
d  eliminate  duplicate  report  items  and  excess 

jformation  by  re-evaluating  and  redesigning 
fe  report  form. 

DESIGNING  A 
FIRE  REPORT  FORM 

u  following  three  questions  must  be  consi- 
dlvhen  designing  a  fire  report  form  (see  also 
3al  Archives  and  Records  Service  1959,  1960 
ore  information): 
i^at  information  is  essentied? 
Iw    should    this    information    be    entered, 
rmped,  and  sequenced  on  the  form? 

3.  How  could  these  data  be  modified  to  produce 
information  that  is  properly  coded  and  for- 

matted for  computer  use? 

Essential  Information 

Question  the  need  for  each  item.  When  a  form 
is  completed  hundreds  or  thousands  of  times,  one 
item  will  represent  many  hours  of  work. 

An  item  c£m  be  eliminated  from  a  fire  report  if: 
1.  It  includes  information  no  longer  needed. 

2.  There's  an  alternate  source  or  better  way  of  ob- 
taining the  information. 

3.  The  data  it  collects  costs  more  than  it's  worth. 
4.  It  can  be  combined  with  another  item. 

Form  Preparation  Methods 

Properly  group  items  on  the  form.  If  items  per- 
taining to  the  same  subject  are  scattered  over  the 

fire  report  working  area,  the  form  generally  re- 
quires more  time  to  complete  and  to  use.  For 

example,  one  State  reports  plantation  acreage 
apart  from  other  acreage  categories.  In  contrast, 
acreage-burned  items  are  properly  grouped  in 
figure  1.  Item  grouping  not  only  reduces  travel 
and  positioning  of  the  hand  or  typewriter  carriage 

in  form  completion  but  also  reduces  eye  move- 
ment in  finding  items  for  extraction  and  review. 

Sequentially  arrange  form  items  to  follow  the 
flow  of  work  and,  therefore,  the  habitual  way  of 
thinking  about  matters  in  the  office  or  field.  This 
increases  the  speed  of  entering  or  extracting  data 

from  a  form  by  minimizing  hand  and  eye  move- 

ment. On  one  fire  report,  for  instance,  "discov- 
ered by"  and  "reported  to",  are  reported  after 

"travel  to  fire",  and  other  fire  action  data. 
Chronologically  they  precede  fire  suppression  ac- 

tivity and  should  be  reported  in  advance  of  these 
items.  In  contrast,  items  contained  on  the  fire 
report  in  figure  1  generally  foUow  an  orderly 
chronological  sequence.  The  report  begins  with 
basic  fire  data  including  date,  fire  location,  cause, 
and  ownership,  and  proceeds  with  a  description  of 
the  actual  fire  sequence  including  discovery, 
attack,  fire  situation  on  arrival,  fire  danger 
variables,  and  so  forth. 

Select  the  proper  form  style  to  improve  report 

design.  Prior  to  the  1920' s,  the  captions-on-the- 
line  form  design  style  was  most  popular  (fig.  2). 
Although  variations  of  this  style  are  used  by  60 
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Figure  1.— Illustrations  of  item  grouping  and  sequencing,  box 
design,  computer  punched-card  and  column  numbers,  and 
shaded  digit  boxes  on  a  hypothetical  fire  report  form. 

percent  of  the  States,  it's  no  longer  recom- 
mended. It  robs  space,  wastes  motions,  defeats 

the  use  of  typewriter  tab  stops,  impedes  reading, 
writing,  and  interpreting,  and  appears  ragged. 

A  good,  workable  method  is  the  box  design  in 
which  the  caption  and  entry  space  for  each  item  on 
the  form  are  included  in  a  box  (fig.  1).  Captions 
are  printed  in  small,  distinct  type  in  the  upper  left 
hand  comer  of  the  boxes,  which  leaves  the  entire 
width  of  the  box  free  for  fill-in. 

This  design,  which  is  used  by  less  than 
one-fourth  of  the  States,  is  recommended  because 
it  saves  space,  avoids  wasted  motions,  and  makes 
use  of  typewriter  tab  stops.  Because  data  entered 
on  the  form  correspond  to  visual  habits  (i.e.  left  to 
right,  top  to  bottom),  the  design  also  aids  reading, 
writing,  and  interpreting.  And,  due  to  edigrmient 
of  vertical  rules  and  a  common  left  margin,  form 
appearance  is  streamlined. 

Consider  the  size  of  the  fire  report.  If  a  file  is 
referred  to  frequently,  any  printing  savings  from  a 
small  form  usually  can  be  more  than  offset  by  the 
cost  of  additional  clerical  time  required  in 
searching  the  files.  At  the  other  extreme,  an 
oversize  form  forced  into  a  letter-size  file  by 
folding  the  report  to  fit,  slows  down  file  searching. 

Finally,  supply  instructions  for  readers  to  inlw 
pret  the  fire  report  so  they  may  supply  accuriiN 
answers  or  efficiently  process  the  form.  Fewi 
any,  fire  reports  are  self-explanatory.  They  m\ 
often  require  detailed  instructions  published  i 
directives,  manuals,  or  in  other  issuances  aid 
with  a  sample  form  keying  the  instructions  \ 
specific  items. 

Automated  Data  Processing    n 

Because  punched  cards  are  the  most  widT 

used  computer  compatible  medium,  the  follow  i ' general  guidelines  will  improve  the  data  trans  i. 
capability  from  fire  report  forms  to  punched  car« 

In  order  to  eliminate  the  unnecessary  step><j| 
manually  posting  data  from  a  fire  report  to  a  4l 
sheet  for  keypunching,  design  a  form  that  facl,( 
tates  data  transcription  from  descriptive  words  I;; 
numerical  codes  suitable  for  computer  process!]  ij] 
This  may  be  done  by  including  column  ay; 
punched  card  numbers  directly  on  the  fire  rape  \i 
Column  numbers  usually  appear  to  the  right  of  (  Im 
caption  identifying  each  item  on  the  report.  1  'i 
card  number  is  necessary  only  if  more  than  c  \^ 
card  is  used  per  report  and  is  located  in  the  upj  ij, 

I 



1. 

2. 

3. 

LOCATION:   County                    ;        Miles  (E)  (S)  (N)  (W) 

of                        on  Route  // 

OWNERSHIP  AT  START: 

OTHER  LANDOWNERS:   Name 

Address 

FIRE  STARTED     A.M.     P.M.;  FIRE  REPORTED     A.M.     P.M. 

FIRE  SIZE  ON  ARRIVAL:                   Acres 

Figure  2.— An  example  of  a  captions-on-the-line  form 
design  style. 

and  comer  of  each  block  of  information,  (fig. 
^orms    without    column    or    card    numbers 
ase  the  chance  of  keypunching  error  and 
verification  of  completed  cards  difficult. 

addition  to  column  numbers,  include  digit 
5  that  enhance  data  processing  procedures  by 

Uy  indicating  the  number  of  codes,  corre- 
iling  to  the  number  of  punched  card  columns, 
d  for  each  item  (fig.  1).  Without  these 

>i,  errors  may  occur  in  the  number  of  digits 
ijred  for  each  item. 

J  color  to  provide  the  data-processor  with 
;  visual  cues  for  locating  and  extracting  coded 
I  Shaded  boxes  (fig.  1)  or  colored  ink  are 
[1  for  this  purpose.  Some  colors  like  red  and 
le  can  be  irritating  and  tiring. 

pne-sided  report  is  easier  to  keypunch 
tee  it  eliminates  the  need  to  turn  each  report 
:  tinue  data  processing.  Also,  make  sure  the 
I  sequence  on  the  fire  report  and  punched 
lis  identical,  and  arrange  coded  data  to  read 
left  to  right  and  top  to  bottom,  following  the 
J  habits  of  the  data  processor. 

Dther  option  to  including  column  numbers 
igit  boxes  with  each  fire  report  item,  is  to 
i^them  in  a  separate  section  on  the  report 
ttThis  concentrates  coded  data  into  one  area, 
d  facilitates  the  keypunching  process  by  re- 
u?  eye  movement  smd  increasing  the  speed 
fficiency  of  data  processing. 

ially,    carefully    examine    each    completed 
(.ed  card  for  errors,  and  store  cards  not  in  use I 

(  pressure  with  proper  temperature  and 
ility  controls  to  assure  their  safekeeping. 

As  demands  upon  fire  management  become 
greater  and  more  complex,  the  job  necessitates 

systematic,  automated  data  processing.  This  re- 
quires a  well-designed  fire  report  form  that  not 

only  contains  essentied,  properly  arreuiged  infor- 
mation, but  also  includes  a  satisfactory  method  of 

transferring  data  from  the  form  to  a  computer 
compatible  medium.  This  stored  information, 

coupled  with  some  familieirity  of  computer  capa- 
bilities, allows  the  fire  manager  to  tap  that 

information  base  for  a  wealth  of  summarized 

output. 
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APPENDIX 

The  National  Association  of  State  Foresters  at 

an  October  1968  meeting  in  New  Orleans,  Louisi- 
ana, adopted  a  resolution  pertaining  to  uniform 

fire  reporting.  In  essence  the  resolution,  noting 

the  continued  discrepency  in  the  manner  of  re- 
porting forest  fires  in  the  United  States,  stated 

that  the  Association  beUeved  considerable  benefit 

would  result  from  a  uniform  system  of  forest  fire 
reporting  by  all  agencies  in  all  sections  of  the 
country.  Furthermore,  they  requested  that  the 
U.S.  Forest  Service  make  a  study  of  uniform  forest 
fire  reporting  under  guidelines  developed  by  a 
Steering  Committee  assisted  by  a  Task  Force. 

As  a  result,  a  Steering  Conunittee  and  Task 

Force,  composed  of  representatives  from  the  Na- 
tional Association  of  State  Foresters  and  Federal 

protection  agencies,  convened  and  developed  a 

list  of  recommendations.  Some  of  the  more  perti- 
nent points  follow: 

1 .  The  goal  of  uniform  fire  reporting  is  acceptance 

by  all  agencies  of  appUcable  common  defini- 
tions and  the  uniform  reporting  of  specified, 

agreed  upon  items  of  data. 

2.  The  following  terms  have  been  defined  and 

acceptance  is  required  for  a  uniform  fire  re- 
porting system: 

a.  Wildfire 

b.  Reportable  Fire 
c.  False  Al£irm 

Commercial  Forest  Land 
Noncommercial  Forest  Land 
Nonforested  Watershed  Land 

Wildfire  Size  Classes  (Classes  A-G) 
Wildfire  Cost  Classes 
General  Causes 

1.  Lightning 
2.  Campfire 
3.  Smoking 
4.  Debris  Burning 
5.  Incendiary 
6.  Equipment  Use 
7.  Railroad 
8.  Children 
9.  Miscellaneous 

3.  The  following  eight  basic  items  are  req-i 
from  all  agencies  for  uniform  reporting: 

d. 
e. 
f. 

g- 
h. 

i. 

Reporting  Agency 
State  (Where  Fire  Starts) 
County  (Where  Fire  Starts) 
Date  Fire  Discovered  (Month,  Day,  Yl- 

e.  General  Cause  ; 
f.  Ownership  at  Start  (State,  Private,  Fe\ 
g.  Acres  Burned  By: 

1.  Land  Classification 
a.  Commercial  Forest  Land 
b.  Noncommercial  Forest  Land 
c.  Nonforested  Watershed 

2.  Land  Ownership  Status  (State,  ?tM Federal) 

Size  Class  (A-G) 1 
Size  Class Acres 

A 

0-0.25 

B 

0.26-9 
C 10-99 

D 100-299 
E 300-999 
F 1,000-4,999 
G 5,000  and  over« 

4.  The  following  four  items  were  considered  c 
ly  desirable,  but  were  Usted  as  options 

cause  of  the  possible  administrative  bi' 
involved  in  reporting  them: 

a.  Watershed  Where  Fire  Started 

b.  Acres  of  Naturally  Regenerated  Forest 
Burned 

c.  Acres  of  Artificially  Regenerated  Fore^! 
.  Land  Burned 

d.  Fire  Cost  Class 

The  Task  Force  made  clear  that  the  ' 
Items"  of  information  are  the  minimum  fores 
statistics  required  for  the  nation  as  a  whole.  1 
items  were  to  be  reported  uniformly  by  all  j 

fire  control  agencies  in  the  United  States. 
target  date  for  uniform  reporting  was  Janue 
1970. 

^U.S.  GOVERNMENT  PRINTING  OFFICE:   1978-768-359/1  'I 
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rHIRTY  YEARS  OF  SOIL  AND  WATER  RESEARCH  BY  THE 

FOREST  SERVICE  IN  WISCONSIN'S  DRIFTLESS  AREA— A 
HISTORY  AND  ANNOTATED  BIBLIOGRAPHY 

Richard  S.  Sartz,  formerly  Principal  Hydrologist, 
now  retired,  LaCrosse,  Wisconsin 

Research  on  the  causes  and  prevention  of  floods 

nd  erosion  in  the  upper  Mississippi  Valley's 
nglaciated  region  ("Driftless  Area")  was  begun 

the  North  Central  (then  Lake  States)  Forest 

xperiment  Station  in  the  late  1920's.  This  earlier 
rogram  ended  with  the  outbreak  of  World  War  II. 
second  program  was  begun  in  1958.  Now,  17 

jars  later,  we  have  finally  answered  the 
uestions  that  were  first  asked  nearly  50  years 

;o. 

This  history  and  bibliography  lists  and  anno- 
tes  the  papers  published  during  both  programs 
id  summarizes  the  content  of  unpublished 
ipers  in  somewhat  more  detail.  The  papers  are 

ited  chronologically  within  subject  matter  cate- 
,)ries.  Some  earher  work  not  published  at  the 
Ce  was  pubhshed  as  part  of  the  second  program 
t  began  in  1958.  To  retain  the  historical 

;  quence  in  these  cases,  I  based  the  chronological 

•  der  on  the  time  of  field  work  rather  than  on  the 
me  of  publication.  Thus  some  authors  and  dates 
bm  the  later  program  are  included  with  the  lists 
bm  the  early  program. 

EARLY  WORK  BY  BATES 

(1928-31) 

The  early  work  began  with  the  appointment  of 

^rlos  G.  Bates  to  the  fledgling  staff  of  the  Lake 

States  Forest  Experiment  Station  at  St.  Paul, 
Minnesota,  in  1927.  Before  coming  to  the  Lake 
States  Station  Bates  had  been  in  charge  of  Forest 

Service  research  in  the  Rocky  Mountains,  includ- 
ing the  now  famous  Wagon  Wheel  Gap  stream- 

flow  experiment  in  Colorado,  the  first  controlled 
watershed  experiment  on  the  effect  of  forests  on 
streamflow  in  the  United  States. 

With  20  years  of  "forest  influences"  research 
already  behind  him  when  he  joined  the  Station, 
Bates  was  one  of  a  small  handful  of  men  who 

pioneered  the  new  field  of  watershed  manage- 
ment. These  were  the  times  of  the  dust  bowl,  of 

soil  erosion  on  a  massive  scale,  and  the  Nation 

was  just  beginning  to  take  notice. 

Mississippi  River  floods  and  mud,  and  the 
wholesale  destruction  of  farms  by  river  terrace 

erosion  in  Wisconsin's  Driftless  Area  (fig.  1), 
served  to  focus  Bates'  attention  on  erosion  sources 
and  causes  in  this  region.  In  1929  he  began  a 

special  study  of  erosion  in  southwestern  Wiscon- 
sin and  southeastern  Minnesota.  This  work 

included  stream  sediment  sampling,  measuring 
runoff  and  erosion  from  different  land  uses  (by 

means  of  "erosion  traps")  and,  in  cooperation 
with  the  Agricultural  Experiment  Station  of  the 
University  of  Wisconsin,  the  study  of  gully  erosion 
and  control  methods.  Some  of  the  results  of  this 

work  can  be  found  in  the  publications  listed  at  the 
end  of  the  section. 



Figure  1.— River  terrace  gully  with  "soil-saving  dam",  Buffalo 
County,  Wisconsin,  November  1931. 

This  was  also  the  time  when  flood  prevention  by 
better  land  management  and  other  upstream 
measures  was  gaining  ground  as  an  alternative 

to  the  traditional  engineer's  concept  of  flood 
control  by  ever  bigger  and  better  engineering 
works.  Bates  was  one  of  the  leading  protagonists 
in  the  controversy,  as  evident  in  this  passage  from 
reference  (2): 

"Since  man  became  conservation-minded,  the 
accepted  method  for  river  control  has  been  to  go  to 
the  sources,  to  correct  watershed  conditions  as  far 

as  possible,  and  to  erect  check  dams,  straighten 

and  rip-rap  eroding  channels,  and  otherwise 
improve  the  thousands  of  small  feeder  streams. 
Apparently  such  an  undertaking  is  wholly  beneath 
the  dignity  of  the  great  modem  engineers  whose 

slogan  is,  'Give  me  millions  or  give  me  death'." 

Unchecked  erosion  was  so  widespread  in  the 
Driftless  Area  then  that  Bates  felt  that  public 
acquisition  of  land  was  a  necessity.  Again  from 
reference  (2): 

"...it  is  hardly  reasonable  to  suppose  that  in  a 
rich  dairying  region  like  southwestern  Wisconsin, 
for  example,  land  needed  for  fields  or  pastures 
will  be  devoted  to  the  growing  of  trees,  except 

through  public  acquisition  of  the  land.  That  thehj 
public    has    a    sufficient    stake    to    justify    thisii, 
acquisition  in  critical  areas,  I  think  there  can  be  no 

doubt." 

f 

Bates'    assessment    of    the    severity    of    theif 
problem    was    based    partly    on    his    study    of 
sediment  movement  in  the  area.  The  results  were 

published  in  (1),  pages  5-7,   and  in  (3),  pages  ■ 
47-50. 

\ 
Although  most  of  the  emphasis  during  theses  | 

years  was  on  river  terrace  gullies  and  streainii 

sediment  movement,  Bates  knew  of  the  forest ' 
land  gullies  and  was  aware  that  they  were  caused 

by  runoff  from  the  "tableland"  above.  Hei| 
mentioned  this  briefly  in  (1)  and  in  the  photOHj 
caption  on  page  2  of  (3):  i 

"This  deposit  of  limestone  fragments  at  thel'j 
lower  level  is  the  result  of  cultivation  on  the  table' i 

and  above  the  present  narrow  belt  of  trees.  Hereij 

is  the  beginning  of  a  community  problem."  ' 

Publications 
(1)   Bates,   C.   G.    1931.   Chaining  the   father  oi 
waters.  Am.  For.  36(2):67-70,  106,  127.  ■ 

I 



Challenges  a  program  that  would  spend 
lillions  for  flood  control  but  nothing  for  flood 
revention.  Describes  results  of  stream  sediment 

ampHng  in  Driftless  Area,  and  effect  of  land  use: 
lost  silt  comes  from  cultivated  fields;  forests 

ield  practically  no  runoff,  and  even  less  silt, 
except  as  streams  from  tableland  fields  cut 

ullies  through  them".  Describes  silt  and  bedload 
lovement  in  streams,  and  the  need  for  improved 
pstream  practices. 

I)  Bates,  C.  G.  1933.  Soil  erosion  in  the 

lississippi  Valley.  J.  For.  31:88-96. 

Paper  presented  at  the  13th  annual  convention 
f  the  Mississippi  Valley  Association  at  St.  Louis, 
lissouri. 

Discusses  in  general  terms  the  role  of 
jgetation  and  terraces  in  runoff  and  erosion 
pntrol,  how  gullies  grow,  and  the  relation  of  soil 
fosion  to  stream  siltation.  Recommends  a  joint 

(fort  between  land  owners  and  governments, 
eluding  public  acquisition  of  land,  to  control 

osion  and  floods.  Discussion  of  gullies,  soil-sav- 
g  dams,  and  mechanical  means  of  checking 
osion  alludes  to  conditions  in  the  Driftless  Area. 

)  Bates,  C.  G.,  and  O.R.  Zeasman.  1930.  Soil 

osion  — a  local  and  national  problem.  Wisconsin 
?ric.  Exp.  Stn.  Res.  Bull.  99,  100  p. 

;  Discusses  the  natural  balance  between  vegeta- 
fon,  soil,  and  erosional  processes,  with  examples 
bm  southwestern  Wisconsin.  Describes  the 

ijriftless  Area  terrain  and  erosion  problems,  and 
jives  data  from  runoff  and  erosion  traps  and 

fj-eam  silt  samphng.  Maximum  runoff  for 
(Ifferent  covers  were,  in  percent:  forest,  2.8; 
Htural  pasture,  7.2;  hay,  17.7;  cropland,  25.6; 
fieded  pasture,  26.7.  Describes  recommended 

(osion  control  practices  such  as  strip-cropping, 
trraces,  and  soil-saving  dams  for  gully  control. 

0  U.S.  Department  of  Agriculutre,  Forest 
Jirvice.  1931.  The  growth  of  a  gully.  U.S.  Dep. 

j"?ric.  For.  Serv.,  Tech.  Note  49,  1  p.  Lake  States 
It.  Exp.  Stn.,  St.  Paul,  Minnesota. 

JDescribes  the  gully  process  in  the  Driftless 

^'ea.  One  large  gully  in  Wisconsin  advanced  at  a 
rt,e  of  500  feet  per  year  between  1923  and  1929. 

^1  the  same  time  the  many  branches  developed 

nearly  1,000  feet  of  smaller  gullies.  Maximum 
depth  was  50  feet,  and  about  400,000  cubic  yards 
of  material  washed  away,  destroying  25  acres  of 
land. 

THE  EROSION  EXPERIMENT 
STATION  YEARS 

(1932-41) 
In  1931,  the  U.S.  Department  of  Agriculture 

in  cooperation  with  the  Wisconsin  College  of 
Agriculture  estabhshed  the  Upper  Mississippi 

Valley  Erosion  Experiment  Station  ("Erosion" 
was  later  changed  to  "Conservation")  on  160 
acres  of  ridgeland  near  LaCrosse.  Though 

primarily  for  cropland  erosion  research  by  the  Soil 

Conservation  Service  (later  to  become  "Agricul- 
tural Research  Service")  it  was  also  a  "branch 

station"  for  the  Lake  States  Forest  Experiment 
Station,  first  with  Joseph  H.  Stoeckeler,  then  with 

Harold  F.  Scholz  in  charge  of  on-the-ground 

operations. 

Unpublished  Catchment  Studies 
The  main  activities  centered  around  three  smeill 

catchments  in  different  land  uses  and  a  series  of 

10  large  lysimeters.  Runoff  and  soil  loss  along 
with  other  measurements  and  observations  were 

monitored  on  both  for  a  period  of  years.  Other 
studies  were  carried  on,  both  on  and  off  Station 
land. 

Sholz,  Harold  F.  1937.  Erosion:  Its  relationship 
to  woodlot  managment  and  the  use  of  critical 
slopes  for  pastures  and  tiUed  crops.  Part  I  and 
Part  II. 

Neu,  Robert  G.  1940.  Erosion:  Its  relationship 
to  woodlot  managment  and  the  use  of  critical 
slopes  for  pastures  and  tilled  crops.  Part  III. 

Three  small  catchments  were  put  under 
observation  in  1933,  and  runoff  and  soil  loss  were 

continuously  monitored  through  1941  (fig.  2).  All 
three  sloped  to  the  north  and  had  similar  soils. 
They  were  disignated  A,  B,  and  G.  A  (2.7  acres) 
was  grazed  forest,  B  (11.5  acres),  ungrazed  forest, 

and  G  (5.8  acres),  grazed  open.  ("G"  was 
converted  from  second-growth  forest  in  1932  by 

clearcutting  and  burning  and  by  "closely  super- 
vised grazing".  This  produced  a  heavy  bluegrass 

sod.)  The  most  complete  pubUshed  summary  of 
the  results  is  given  in  (8). 
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Figure  2.— Par  shall  flume  with  instrument  shelter 

and  silt  collecting  box,  Watershed  "B'\  Upper 
Mississippi  Valley  Soil  Erosion  Station,   1936. 

Snow  £md  frost  depths  were  measured  on  all 

three  catchments  for  3  years  £ind  soil  temperature 

(measured  42  inches  below  ground  by  thermo- 
meters suspended  inside  galvanized  pipes),  on  the 

grazed  open  and  ungrazed  forest  catchments  for  4 
years.  The  results  are  shown  in  tables  1  and  2. 
Neu  made  these  comments: 

Table  1.— Maximum  and  minimum  mean  frost 
depth  on  grazed  and  ungrazed  catchments, 
1937-1939 

(In  inches) 

Year 
Maximum  1 :      Max  imuir 

mean  2 
.■Ungrazed 
:    forest 

Grazed 

Forest :Open 
:Ungrazed : 
:    forest    : 

Graz 2d 

Forest :Open 

1937 
10 14 22 

4 8 10 
1938 15 22 

21 
8 

lA 17 1939 7 18 26 2 7 13 

Average 11 
18 

23 
5 

10 

13 

^Greatest  individual  depth  measured. 
Greatest  mean  depth  of  10  sample  points. 

Table  2.— Maximum  summer  and  minimum 
winter  temperatures  at  42  inches  depth  in 
grazed  open  and  ungrazed  forest  catchments 

(InF) 

Year 
Summer Winter 

Forest •    Open Forest    :    Open 

1935-1936 58.0 62.5 37.0          36.0 

1936-1937 59.0 64.0 36.5          35.5 
1937-1938 59.0 65.0 36.5          33.5 
1938-1939 58.0 62.0 37.0          36.5 
Average 58.5 63.4 36.8          35.4 

"The  frozen  soil  in  the  ungrazed  woodlot  is 
loose  and  crumbly  while  it  is  hard  and  compacted 
in  the  pasture  areas. 

"On  the  basis  of  existing  records  it  can  be 
stated  that  very  little  runoff  occurs  from  pasture 

and  woodlot  areas  on  north-facing  slopes  during 
the  spring  breakup  unless  the  thawing  weather  is 

accompanied  by  precipitation  in  the  form  of  rain." 

The  forage  value  of  forest  versus  open  pasturen; 

was  also  studied.  Woodland  grazing  was  univer-ri 
sally    practiced,     and    the    researchers    sought'i 
information  that  could  be  used  to  discourage  the 

practice  on  economic  grounds.  Much  effort  went 
into  determining  dollar  values  from  the  costs  of  i 

clearing,  fencing,  and  other  practices,  all  of  which  I 
would  be  meaningless  today.  The  more  usefulu; 

value  of  total  cow-days  per  acre  per  yegu-  was  alsosii 
computed.  The  7-year  means  were:  forest  pasture,* 

62;   open    pasture,    128.    In   terms    of   carrying;' 
capacity,  1  acre  of  open  pasture  was  worth  2  of 
forest  pasture. 

Publications-catchment 

(5)  Bates,  C.  G.   1936.  The  forest  influence  om 

streamflow  under  divergent  conditions.  J.   For. 
34:957-969. 

t
"
 

Comp£ires  runoff  under  forest  conditions  in 
Driftless  Area  of  Wisconsin  with  that  irom\ 
mountEiin  watersheds  in  Colorado  (the  famousil 

Wagon  Wheel  Gap  Study).  Forest  cover  preventai 

surface  runoff  in  both  places.  Discusses  result?" 
from  experimental  catchments  at  LaCrosse 
Analyzes  the  effect  of  land  use  on  the  flooding  ol  j 
GiLmore  Creek,  a  small  Driftless  Area  watershedi! 

in  Minnesota.  ' 

(6)  Bates,  C.  G.   1937.  Controlling  mad  waters.' 
Am.  For.  43(6):278-281,  300,  321-322. 

Discusses  the  Ohio  River  floods  of  January-r 
February    1937,    and    the    probable    effects   oi  ! 
upstream  and  downstream  programs  on  future 

floods.  Quotes  data  from  catchment  study  at  La- 
Crosse:  the   ungrazed   forested   catchment  pro^" 

duced  only  0.3  inches  of  runoff  from  90  inches  ol 

rain  over  a  3-year  period,  including  0.03  inchef  ! 
from  6  inches  of  rain  in  a  6-day  period. 



7)  Bates,  C.  G.    1938.   Reforestation  and  flood 

:ontrol.  J.  For.  36:1073-1079. 

(Published  version  of  a  talk  presented  at  a  joint 
neeting  of  the  Woodlands  Section  of  the  Canadian 
Pulp  and  Paper  Association,  the  Canadian  Society 
)f  Forest  Engineers,  the  Association  of  Forest 
Engineers  of  the  Province  of  Quebec,  and  the 
50ciety  of  AmericEin  Foresters  held  in  connection 
vith  the  One  Hundred  Second  Meeting  of  the 
\merican  Association  for  the  Advancement  of 

Jcience,  Quebec,  Canada,  June  27-30,  1938.) 

Deals  with  the  flood  control  controversy— up- 
itream  vs.  downstream  control  and  what  happens 
o  infiltrated  water,  based  on  data  from  The  Upper 
ilississippi  Valley  Erosion  Experiment  Station  at 
ya  Crosse.  Gives  an  illustration  from  the  Root 

liver,  in  Minnesota's  Driftless  Area. 

8)  Hays,  O.E.,  A.  G.  McCall,  and  F.  G.  Bell. 
|949.  Investigations  in  erosion  control  and  the 
leclamation  of  eroded  land  at  The  Upper 

/lississippi  Valley  Conservation  Experiment  Sta- 
ion  near  LaCrosse,  Wisconsin,  1933-1943.  U.S. 
)ep.  Agric,  Tech.  Bull.  973,  87  p. 

Summarizes  10  years  of  research  by  the  Soil 
!onservation  Service  on  developing  practices  to 

pntrol  runoff  and  erosion  on  agricultural  land  in 
lie  Driftless  Area.  Includes  the  results  from  a 

jtudy  by  the  Lake  States  Forest  Experiment 
;tation  of  runoff  from  three  small  catchments  for 

pe  period  1935-1941.  Annual  runoff  (in  percent  of 
pinfall)  was  1.16  for  grazed  forest  and  0.35  for 
pen  land  pasture.  Soil  losses  (in  tons  per  acre) 

I'ere  0.14  for  grazed  forest  and  0.05  for  open  land 
lasture.  Comparable  values  for  strip-cropped  l£ind 
lere  7.32  percent  and  2.66  tons.  The  amounts 
om  ungrazed  forest  were  insignificant. 

f)  Scholz,  H.  F.  1938.  The  grazed  wood 
»t— potential  flood  hazard  and  low-grade  pasture. 
.S.  Dep.  Agric.  For.  Serv.,  Tech.  Note  142,  2  p. 
ake  States  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Grazed  woods  yield  high  runoff,  and  make  poor 
lasture.  During  a  period  of  severe  floods,  runoff 
lom  ungrazed  woods  was  only  1/47  of  that  from 

pstured  woods.  Most  of  the  year's  water  loss 
teurs  during  a  few  heavy  rains.  The  data  were 
bm  the  experimental  catchments  at  La  Crosse. 

(10)  Scholz,  H.  F.  1937  and  1938.  Forest  cover 

keeps  frost  line  at  shallow  depth.  U.S.  Dep.  Agric. 
For.  Serv.,  Tech.  Note  130.  Lake  States  For.  Exp. 

Stn.,  St.  Paul,  Minnesota;  and  J.  For.  36:78-79, 

Frost  in  an  open  pasture  penetrated  to  10 

inches,  compau-ed  with  4  inches  in  an  ungrazed 
woodlot.  Frost  in  the  pasture  thawed  from  the  top, 
but  in  the  woodlot  it  thawed  from  the  bottom. 

Frost  disappeared  from  the  woods  two  days  earlier 
than  from  the  pasture. 

(11)  Scholz,  Harold  F.  1951.  The  case  against 
cows:  73  percent  of  Wisconsin  farm  woodlands 

subject  to  destructive  pasturing.  Tree  Tips,  p.  3-4; 
and  Wisconsin  Conserv.  Bull.  16(12):3-5. 

Gives  some  data  from  lysimeter  and  catchment 
studies  at  the  La  Crosse  station  from  1935  to  1938 

to  show  how  grazing  can  cause  runoff  and  erosion. 

Lysimeter  Studies 

The  lysimeters  (10  in  £ill)  were  20  feet  long,  10 
feet  wide,  and  4  feet  deep,  and  were  filled  with 
undisturbed  blocks  of  Fayette  silt  loam,  a  loess, 

plus  an  8-inch  layer  of  topsoil  (fig.  3).  They  were 
operated  from  1934  to  1942. 

After  a  test  period  of  about  a  year,  treatments 
were  established,  and  surface  runoff,  percolation, 

and  soil  loss  were  measured  for  6  ye£U"s.  The 
treatments  in  six  lysimeters  were:  hardwood 
seedlings  with  leaf  mulch  (two  lysimeters); 
hardwood  seedlings  without  leaf  mulch;  Scotch 

^     -^    -I*. 

Figure  3. — Forest  Service  lysimeters  during  test 
period,  Soil  Erosion  Station,  1934. 



pine  seedlings  with  needle  mulch;  grass,  and 
annual  grain.  The  four  other  lysimeters  had  faulty 
percolation  records  because  of  broken  pipes  that 
went  undetected  at  the  time. 

Few  results  were  pubUshed  at  the  time,  partly 

because  of  some  "impossible"  results  that  were 
caused  by  the  broken  pipes.  Bates  was  writing  up 
the  experiment  when  he  died  in  July  1949,  and  the 
lysimeters  were  destroyed  soon  afterwards.  I 
wrote  the  final  report  in  1963  (15). 

Several  supplementary  studies  were  conducted 
in  conjunction  with  the  lysimeters,  one  of  which 
was  reported  by  Curtis  in  1960  (13). 

Publications-Lysimeters 

(12)  Bates,  C.  G.  1939.  Symposium  on  "Forest 
Influence"  studies  and  methodology.  Chron.  Bot. 
5(2/3):184-188. 

A  writeup  of  a  meeting  of  Forest  Service 

watershed  management  (then  cedled  "forest 
influences")  research  workers,  held  at  the  San 
Dimas  ExperimentEil  Forest,  near  Glendora, 

California,  February  12-27,  1939.  Gives  some 
results  from  a  La  Crosse  lysimeter  study. 

(13)  Curtis,  Willie  R.  1960.  Moisture  storage  by 
leaf  litter.  U.S.  Dep.  Agric.  For.  Serv.,  Tech.  Note 
577,  2  p.  North  Cent.  For.  Exp.  Stn.,  St.  Paul, 
Minnesota. 

Galvanized  tanks  were  placed  under  boxes  that 
contained  2  to  3  inches  of  hardwood  or  pine  litter. 
The  rain  that  filtered  through  the  litter  was 
measured  by  weighing  the  tanks.  Both  kinds  of 
Utter  held  about  the  same  amount  of  rainfadl:  34.2 

percent  for  hardwoods;  33.2  percent  for  pine.  The 
amount  retained  varied  from  93.7  percent  for 
small  rains  to  11  percent  for  rains  greater  than  1 
inch. 

(14)  Sartz,  Richard  S.  1963.  Water  yield  and  soil 

loss  from  soil-block  lysimeters  planted  to  small 
trees  and  other  crops,  southwestern  Wisconsin. 

U.S.  Dep.  Agric.  For.  Serv.,  Res.  Pap.  LS-6,  23  p. 
Lake  States  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Surface  runoff,  percolation,  and  soil  loss  from 
lysimeters  with  different  cover  were  measured  for 

6  years.  Mulched  tree  seedlings  and  grass  yielded 

little  runoff  and  soil  during  the  growing  season, 
while  unmulched  seedlings  and  grain  yielded 
large  amounts.  Differences  by  cover  type  were 
less  distinct  in  the  dormant  season.  Most  of  the 

percolation  occurred  during  the  dormant  season. 
Annual  variation  was  high  in  both  seasons. 

(15)  Sartz,  Richard  S.  1964.  Duration  of  percol- 
ation from  a  loess  soil.  U.S.  Dep.  Agric.  For. 

Serv.,  Res.  Note  LS-40,  2  p.  Lake  States  For.  Exp. 
Stn.  St.  Paul,  Minnesota. 

Percolation  from  4-foot  deep  lysimeters  filled* 
with  loess  soil  was  studied  in  southwestern  >' 

Wisconsin.  After  complete  soil  moisture  recharge,  ' 
water  percolated  continuously  for  as  long  as  20  i' 
days  without  additional  rainfall. 

(16)  Sartz,  Richard  S.  1965.  Effect  of  forest  litter ii! 

on  growth  of  hardwood  seedUngs.  U.S.  Dep.  dI' 
Agric.  For.  Serv.,  Res.  Note  LS-59,  2  p.  Lakeiii 
States  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Red  and  white  oak  and  black  walnut  seedlings  ji| 

grew  much  faster  on  lysimeters  that  had  a 
covering  of  leaf  Utter  than  on  a  lysimeter  without  u 
litter.  The  third  year  after  treatment  the  mulched }( 
black  walnut,  red  oak,  and  white  oak  averaged  55 i! 

percent,  51  percent,  and  40  percent  taller, il 

respectively.  The  faster  growth  probably  resulted! • 
from  more  available  moisture. 

I 
(17)  Scholz,  Harold  F.,  and  J.  H.  Stoeckeler.  1940. 
A  lysimeter  installation  for  studying  forest 

influence  problems.  J.  For.  38:256-260. 

Describes  construction  of  10-  by  20-foot 
lysimeters  filled  with  loess  soil  blocks.  The 
lysimeters  were  pl£inted  to  small  trees  and  other 
crops  to  study  the  effect  of  cover  on  runoff, 
percolation,  and  erosion. 

(18)  U.S.  Department  of  Agriculture.  1937.  Forest!* 

Utter  and  gravelly  soils— effective  conservers  ofi 
water.  U.S.  Dep.  Agric.  For.  Serv.,  Tech.  Note 

124,  1  p.  Lake  States  For.  Exp.  Stn.,  St.  Paul,. 
Minnesota. 

A  lysimeter  study  showed  that  both  forest  litten 
and  gravel  mulch  produced  Uttle  surface  runoff^il 
and  that  during  the  summer,   forest  vegetation 
used  most  of  the  precipitation  that  fell.  The  data 
were  from  1  year. 



Unpublished  Farm  Woods 
Erosion  Study 

Scholz,  Harold  F.  1935-1936.  Farm  woods 

erosion  study.  (In  Part  II  of  "Erosion:  Its 
relationship  to  woodlot  management  and  the  use 

of  critical  slopes  for  pastures  Eind  tilled  crops") 

A  "Fairmwoods-Erosion  Study"  was  carried  out 
in  1935-1936  under  the  direction  of  Harold  F. 
Scholz  in  cooperation  with  the  Forest  Survey 
section.  Its  objective  was  to  determine  the 
economic  value  of  the  farm  woods  of  the  area  to 

supplement  the  information  on  their  protective 
value  being  determined  from  the  Erosion  Station 
studies. 

The  study  consisted  of  an  intensive  survey  of 
SVi  townships  (3  in  Wisconsin,  V2  in  Minnesota). 
[Besides  taking  the  normal  forest  survey  data,  the 
surveyors   mapped    open    land    uses,    woodland 

grazing,  and  erosion  features.  The  results  were 
given  only  in  unpubhshed  documents  and  in  the 
survey  maps,  one  of  which  is  shown  in  figure  4. 

Although  Bates  had  earlier  pointed  to  ridgeland 
runoff  as  the  cause  of  forest  land  gulUes,  their 
ubiquity  along  with  extensive  abuse  of  the  forest 

through  high-grading  and  uncontrolled  grazing 
led  some  to  believe  that  the  gullies  were  caused  by 
runoff  from  the  forest.  The  survey  reports  shed 
new  Hght  on  the  issue: 

"This  study  has  covered  to  date  46,000  acres  of 
severely  eroded  land.  Every  gully  observed  began 
at  the  concentration  point  of  water  running  off  of 
cultivated  land,  or  a  heavily  grazed  or  poorly 
stocked  woodlot. 

"Frequently  the  head  of  a  gully  was  found  on 
the  upper  edge  of  a  good  woodlot,  but  there  was 
evidence  in  each  case  that  the  concentration  of 
water  came  from  cultivated  land  on  a  field  above. 
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Figure  4.— Land  use  and  gully  survey  of  sample  township  in 
LaCrosse  County,  Wisconsin,  1935. 

i 



"...in  80  square  miles  that  we  have  covered  to 
date  on  this  survey  we  have  not  found  a  single 
instance  of  erosion  through  forest  except  where  it 

has  been  caused  by  open  fields  on  the  ridgetop." 

Flood  Control  Surveys 

In  the  Flood  Control  Act  of  June  22,  1936,  the 

United  States  Congress  officially  recognized  that 
watershed  improvement  measures  should  become 
an  integral  part  of  flood  control  planning.  The  act 
authorized  the  Department  of  Agriculture  to 

conduct  "flood  control  surveys"  — field  studies  to 
determine  to  what  extent  floods  could  be 

prevented  or  reduced  on  individual  watersheds 
through  land  use  change  and  small  engineering 
structures.  The  surveys  were  conducted  jointly  by 
the  Soil  Conservation  and  Forest  Services. 

Flood  control  surveys  on  the  Kickapoo  River  in 
Wisconsin,  and  on  the  Whitewater  River  in 

Minnesota,  both  in  the  Driftless  Area,  were  begun 

in  1938;  and  most  of  Bates'  and  Scholz's  efforts 
were  devoted  to  these  surveys  for  the  next  few 

years. 

THE  COULEE  EXPERIMENTAL 
FOREST  AND  FOREST  WATER- 

SHED LABORATORY  YEARS 

(1958-1975) 

After  a  20-year  lapse,  watershed  research  was 
begun  again  in  the  Driftless  Area  when  Congress 
appropriated  money  in  1958  for  a  Research 

Center  at  La  Crosse.  I  was  the  first  and  only 
Project  Leader.  Creation  of  the  center  had  been 

recommended  by  the  Wisconsin  Forestry  Advi- 
sory Committee,  and  under  a  cooperative  agree- 

ment with  the  (then)  Wisconsin  Conservation 

Department,  the  State  agreed  to  provide  a 
suitable  outdoor  laboratory  for  the  research.  The 

outgrowth  was  the  Coulee  Experimental  Forest,  a 

2.900-acre  area  in  La  Crosse  County  typical  of  the 
land  forms,  soils,  and  land  use  in  the  unglaciated 
area.  The  forest  was  formally  dedicated  in  June 
1960. 

The  research  unit  was  originally  quartered  in 
the  La  Crosse  Federal  Building,  but  in  1967  it 

moved  to  its  own  newly  constructed  laboratory 
building  on  land  leased  from  the  city  (fig.  5). 

Figure    5.— Forest    Watershed    Laboratory,    La- 

Crosse,  project  headquarters  from  1967-1975. 

I 
The  primary  mission  of  the  new  center  was  tobi 

study  the   effect   of  leind   use   and    steep   landii; 
management  on  floods,  soil  erosion,  and  strearr 

sedimentation— essentially  a  continuation  of  the 
earlier  work  but  on  a  broader  scale.  A  secondary 
mission  during  the  early  years  of  the  project  was 
to  study  the  adaptability  of  various  tree  species 

and  classes  of  planting  stock  to  different  sites.  ThAj 
information  was  sought  to  guide  land  owners  iail 

their  tree-planting  progreims. 

With  its  mission  all  but  completed,  the  project 

was  terminated  and  the  laboratory  building  wasHj 
turned  over  to  the  City  of  La  Crosse  at  the  end  oiir 

1975.    The    Department    of    Natural    Resources*' 
continues  to  administer  the  state-owned  Coulee 
Experimental  Forest  as  a  research  area. 

During  its  last  few  yeeirs,  the  La  Crosse  Field 
Unit  began  to  work  on  land  disposed  of  sewage^ 
effluent.  This  was  an  outUer  of  the  primaryt 

effluent  disposal  project  at  East  Lansing,  Michi-' 
gan.  Field  work  on  this  mission  was  done  at  Fort 
McCoy  under  a  cooperative  agreement  with  the 
Department  of  the  Army.  The  work  was  disbanded 
and  the  agreement  terminated  with  the  closing  ol( 
the  Forest  Watershed  Laboratory. 

The  publications  that  came  from  this  era  arw 
given  in  the  lists  below,  subdivided  according  U. 

the  primary  subject  matter.  An  easy-to-rea6( 
summeiry  of  land  managment  recommendations  is 
found  in  (32). 



Unpublished — Soil  Freezing 

Harris,  Alfred  Ray.  1971.  Effect  of  deciduous, 
coniferous,  and  abandoned  field  cover  on  the 

hydrologic  properties  and  frost  morphology  of 
frozen  soil.  Ph.D.  thesis.  Univ.  Minnesota,  St. 
Paul,  Minnesota. 

During  the  1969-70  freezing  season  the  hydro- 
logic  properties  and  morphology  of  frozen  Fayette 
silt  loam  soil  under  contiguous  areas  of  natural 

deciduous  forest,  25-year-old  coniferous  planta- 

jtion,  and  6-year-old  abandoned  field  vegetation 
jwere  studied. 

1  The  deciduous  forest  had  the  least  frost,  the 

jconifer  plantation,  the  most.  All  plots  had 
[concrete  frost.  Infiltration  rates  in  the  deciduous 
I  forest  and  abandoned  field  did  not  decrease 
! significantly  until  late  winter  when  snowmelt 
infiltrated  and  froze,  blocking  drainage  pores. 
Rates  in  the  conifer  plantation  were  very  low 
because  of  an  ice  layer  that  formed  when 
snowmelt  dripped  from  the  canopy.  Infiltration 

Irate  was  not  significantly  correlated  with  bulk 

{density,  water  content,  air  pore  volume,  or  total 

'pore  volume,  partly  because  of  the  large  macro 
jpore  volume  in  the  soil. 

!  Bulk  density  reductions  were  greatest  in  the 
jdeciduous  forest  plots,  and  were  greater  for  the 

jsurface  soil  layer  than  for  the  subsurface  soil 
jayer.  Both  bulk  density  and  air  pore  volume  were 
inversely  correlated  with  water  content. 

Publications — Soil  And  Water 

Land  use  effects  on  soil  properties,  runoff, 
and  erosion: 

'19)  Curtis,  Willie  R.  1966.  Forest  zone  helps 
Tiinimize  flooding  in  the  Driftless  Area.  J.  Soil 

Abater  Conserv.  21(3):101-102. 

Forested  slopes  absorb  rainfall  runoff  from 
Upland  fields,  reducing  water  movement,  soil 
erosion,  and  downstream  flooding  in  southeastern 
'Vlinnesota  and  southwestern  Wisconsin. 

(20)  Curtis,  Willie  R.  1967.  Simple  practices  along 
forest  edge  reduce  upland  runoff.  J.  Soil  Water 
Conserv.  22(l):25-26. 

The  portion  of  upland  runoff  that  reaches  valley 
bottoms  can  be  reduced  by  diversions  and  simple 
land  treatments,  such  as  logs  along  the  contour  in 
natural  forest  and  detention  ponds  in  series 

installed  along  the  field-forest  border. 

(21)  Knighton,  M.  Dean.  1970.  Forest  floor 
characteristics  in  southwestern  Wisconsin.  U.S. 

Dep.  Agric.  For.  Serv.,  Res.  Note  NC-102,  2  p.m 
North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Percent  slope,  aspect,  topographic  position,  and 
crown  closure  did  not  influence  forest  floor  depth. 
However,  a  decrease  in  forest  floor  depth  and  an 
increase  in  soil  compaction  were  found  on 
currently  grazed  slopes.  Cessation  of  grazing 
resulted  in  rapid  recovery. 

(22)  Knighton,  M.  Dean.  1977.  Soil  changes  after 

hay  meadow  abandonment  in  southwestern  Wis- 
consin. U.S.  Dep.  Agric.  For.  Serv.,  Res.  Pap. 

NC-146,  6p.  North  Cent.  For.  Exp.  Stn.,  St.  Paul, 
Minnesota. 

Soil  ameliorating  processes  that  accompany 
agricultural  abandonment  of  alfalfa  hay  meadows 
were  studied  for  3  years.  Average  bulk  density 
decreased  from  1.28  to  1.10  in  2  years  and  then 

stabilized.  As  expected,  total  porosity  increased; 
most  of  the  change  occured  in  the  large  pore 
fraction.  Organic  carbon  increased  from  1.60  to 
2.20  percent  during  the  3  years.  Infiltration  rate 
increased  100  percent  over  that  of  adjacent  active 
hay  meadows.  Earthworm  activity  was  considered 
to  be  the  primary  cause  of  the  changes. 

(23)  Knighton,  M.  Dean.  1977.  Hydrologic 
response  and  nutrient  concentrations  following 

spring  burns  in  an  oak-hickory  forest.  Soil  Sci. 
Soc.  Am.  J.  41:627-632. 

Three  annual  spring  burns  in  southwestern 
Wisconsin  did  not  increase  overland  flow  or  soil 

loss  on  sloping  (25  to  50  percent)  plots.  However, 

no  particularly  severe  storms  occurred  during  the 
study.  The  protective  characteristics  of  the  ground 
cover  were  not  altered,  and  shrubs  sprouted 

vigorously.  Bulk  density,  total  pore  volume, 
organic  carbon  content,  and  intrinsic  permeabihty 



of  the  mineral  soil  were  unaffected,  but  mobility 

of  nitrate-nitrite  nitrogen  and  phosphate  in- 
creased with  the  number  of  burns.  Calcium  and 

magnesium  mobility  was  increased  but  potassium 
and  sodium  mobility  was  not.  Nutrient  loss  by 

leaching  was  less  than  the  input  from  precipita- 
tion. 

(24)  Sartz,  Richard  S.  1959.  Forests  and  water:  A 
tale  of  two  watersheds.  Wisconsin  Acad.  Rev. 

6:55-58. 

How  forests  minimize  floods  and  erosion  is  told 

by  describing  what  happens  when  both  a  forested 
and  a  bare  watershed  are  hit  by  a  heavy  rain. 

(25)  Sartz,  Richard  S.  1960.  Forests  and  erosion  in 
the  Driftless  Area.  Wisconsin  Conserv.  Bull. 

25(3):21-24. 

Explains  how  geologic  erosion  shaped  the  land 
forms  of  the  Driftless  Area  and  how  man  has 

triggered  a  new  cycle  of  erosion  through 
overdevelopment  of  the  land  for  agriculture.  A 

study  of  wooded  watersheds  showed  no  acceler- 
ated erosion. 

(26)  Sartz,  Richard  S.  1961.  The  forest-land  gully 
in  the  Driftless  Area— natural  or  man-caused? 
U.S.  Dep.  Agric.  For.  Serv.,  Tech.  Note  612,  2  p. 
Lake  States  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

To  test  the  theory  that  the  forest-land  gully— a 
common  feature  of  the  Driftless  Area— has 
resulted  from  ridgetop  farming,  a  survey  of  40 
completely  forested  drainages  was  made  to  check 
for  gulUes  or  other  signs  of  surface  flow.  Not  a 
single  gully  or  eroded  channel  was  found.  Other 
evidence  also  strongly  suggests  that  gully  erosion 
was  not  a  feature  of  the  natural  landscape. 

(27)  Sartz,  Richard  S.  1961.  Comparison  of  bulk 
density  of  soil  in  abandoned  land  and  forest  land. 
U.S.  Dep.  Agric.  For.  Serv.,  Tech.  Note  601,  2  p. 
Lake  States  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Soil  core  samples  taken  in  the  same  soil  type 
(Dubuque  silt  loam)  under  two  different  land  uses 
showed  the  effects  of  land  clearing  and  cultivation 
on  bulk  density  of  the  soil.  In  the  natural  soil 

profile  under  an  oak-hickory  stand,  bulk  density  in 
the  upper  3  inches  was  0.70.  In  the  open  land 

profile  it  was  1.08.  Bulk  density  in  the  3-  to  6-inch 

layer  was  slightly  higher  in  the  forest  than  in  the 
open,  but  from  6  to  24  inches  there  was  little 
difference. 

(28)  Sartz,  Richard  S.  1965.  Forestry  research  to 
benefit  trout?  Wisconsin  Conserv.  Bull.  30(2) :20- 
21. 

This  popular-style  article  explains  how  laind  , 
use,  through  its  effect  on  infiltration  and  soil 
freezing,  can  influence  flood  runoff  and  the  base 
flow  of  streams,  both  key  factors  in  trout  stream 

management.  By  better  defining  the  effects  of 
different  tree  species  and  cutting  patterns, 

forestry  research  can  benefit  trout.  j 

(29)  Sartz,  Richard  S.  1969.  Effect  of  watershed 
cover  on  overland  flow  from  a  major  storm  inui 
southwestern  Wisconsin.  U.S.  Dep.  Agric.  For.r 

Serv.,  Res.  Note  NC-82,  4  p.  North  Cent.  For.rj 
Exp.  Stn.,  St.  Paul,  Minnesota. 

Both  total  and  peak  flows  from  a  3-hour,  4-inch 
rain  were  strongly  affected  by  land  cover.  Peak  i 
flows  ranged  from  2.42  inches  per  hour  for  alfalfaiii 

meadow  to  0.010  inches  per  hour  for  undisturbed'(i 
forest.  The  timing  of  flow  on  open  land  andiif 
forested  catchments  was  surprisingly  similar.        I 

(30)  Sartz,  Richard  S.  1970.  Effect  of  land  use  on.j 

the    hydrology   of   small    watersheds    in    south-l 
western    Wisconsin.    Int.    Assoc.    Sci.    Hydrol.,  i 

Symposium    on    the    results    of    research    on 

representative  and  experimental  basins.   lASH- 
Unesco  96:286-295.   (Wellington,   New  Zealand, 
Dec.  1970).  I 

Forest  watersheds  produced   flow   only   aftenj 
heavy  rains,  and  the  amounts  of  flow  and  peakil 

rates    were    low    compared    with    those    from  j 
openland  watersheds.   Peak  flow  rates   from  a 

major  storm  ranged  from  64  millimeters  per  hour 
for  tilled  land  to  no  flow  for  undisturbed  forest. 

Peak  rates  from  tilled  land  averaged  2.5  times  , 

those  from  meadow,  and  peak  rates  from  meadow*' 
1.4    times    those    from     an    abeindoned    field.  < 

Sediment  discharge  was  low  for  forest,  abandoned 

field,  and  meadow,  but  high  for  tilled  land  andi 
heavily  grazed  pasture. 

(31)  Sartz,    Richard   S.    1971.    Storm   flow   fromii 
dual-use  watersheds  in  southwestern  Wisconsin. 

U.S.  Dep.  Agric.  For.  Serv.,  Res.  Pap.  NC-69,  7  p. 
North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 
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Compares  storm  flow  from  upland  fields  with 
Dutflow  at  the  bottom  of  wooded  slopes  below.  In 

general,  larger  upland  flows  produced  larger 
lower  station  flows.  Lower  station  flow  as  a 

Dercentage  of  upland  runoff  for  large  storms 

-anged  from  56  to  94. 

32)  Sartz,  Richard  S.  1975.  Controlling  runoff  in 
;,he  Driftless  Area.  J.  Soil  Water  Conserv. 
50:92-93. 

Tilled  cropland  is  the  major  source  of  floods  and 
stream  sediment  in  the  unglaciated  region;  thus, 
reducing  the  cropland  area  in  a  watershed  is  eui 
effective  flood  prevention  measure.  Hayland  and 
|)astureland  produce  much  less  runoff  than  tilled 
and,  and  little  sediment.  Simply  taking  land  out 
!)f  active  cultivation  greatly  reduces  the  amount  of 
ivater  that  flows  from  sloping  fields.  Runoff  from 
forest  land  is  minimal,  regardless  of  its  condition. 

133)  Sartz,  Richard  S.  1976.  Sediment  yield  from 

|)teep  leuids  in  the  Driftless  Area.  In  third  Federal 
Interagency  sedimentation  Conf.  Proc,  Denver, 
Colorado,  March  22-26,  1976. 

Substantial  amounts  of  sediment  were  dis- 
charged only  from  cultivated  or  heavily  grazed 

atchments.  The  greatest  amounts  — sometimes 
Uceeding  200,000  parts  per  million  — came  from 

'illed  cropland  in  early  stages  of  crop  develop- 
bent.  Ungrazed  forest  and  prairie  yield  no 
significant  amounts  of  runoff  or  sediment, 
egardless  of  slope  steepness,  unless  they 
ntercept  water  from  overlying  fields.  However, 
ield  runoff  can  carve  huge  gullies  on  forested 
•lopes  that  lie  below  cultivated  uplands.  Thus,  the 
prested  slopes  of  the  area  have  been  a  major 
ediment  source  from  gully  erosion  since  the  time 
,if  settlement. 

!34)  Sartz,  Richard  S.  1976.  Effect  of  plantation 

Establishment  on  soil  and  soil  water  in  south- 
Vestern  Wisconsin.  U.S.  Dep.  Agric.  For.  Serv., 

lies.  Pap.  NC-127,  8  p.  North  Cent.  For.  Exp. 
8tn..  St.  Paul,  Minnesota. 

j  Changes  in  litter  weight,  soil  bulk  density,  soil 
iitrogen  and  organic  carbon  contents,  soil  water 
lepletion,  and  snowpack  accumulation  were 

jvaluated  over  14  years  of  plantation  growth  on 
hree  different  sites.  The  species  studied  were 
vhite  and  red  pines,  white  spruce,  and  European 
arch,  along  with  unplanted  controls. 

(35)  Sartz,  Richard  S.  [In  press.]  Soil  erosion  in  the 

Lake  States  Driftless  Area— a  historical  perspec- 
tive. Transactions,  Wisconsin  Academy  of  Sci., 

Arts,  and  Letters. 

The  history  of  both  geologic  and  man-caused 

erosion  in  the  upper  Mississippi  Valley's  "Drift- 
less Area"  £ind  man's  sometimes  futile  control 

efforts  are  presented  in  this  popular- style  article, 
with  eight  illustrations. 

(36)  Sartz,  Richard  S.,  Willie  R.  Curtis,  and  David 

N.  Tolsted.  1977.  Hydrology  of  small  watersheds 

in  Wisconsin's  Driftless  Area.  Water  Resour.  Res. 
13(3):524-530. 

Steep,  unglaciated  terrain,  and  a  peculiar  land 

use  pattern  give  the  Upper  Mississippi  Valley's 
unglaciated  region  a  distinctive  hydrology.  Catch- 

ments smaller  than  250  hectares  normally  have  no 
perennial  streams,  but  may  have  many  springs 
that  flow  for  short  distances  and  then  reenter  the 

ground.  Land  use  greatly  influences  the  surface 
hydrology.  Tilled  cropland  is  the  principal  source 
of  flood  runoff  and  stream  sediment.  Runoff  from 

forest  land  is  minimal  regardless  of  its  slope  or 
condition.  The  ground  water  picture  is  complex, 
with  perched  water  bodies  and  dry  pockets 
intermixed  with  water  tables  that  rise  and  fall  in 

rapid  response  to  rainfall  and  snowmelt  and  in 
close  synchronization  with  springflow.  Snowmelt 
produces  a  distinctive  diurnal  pattern  of  both 
overland  flow  and  ground  water  rise,  sometimes 
in  midwinter.  Larger  catchments  responded  to 
both  rainfall  and  snowmelt  much  the  same  as 

smaller  experimental  catchments. 

(37)  Sartz,  Richard  S.,  and  Alfred  Ray  Harris. 

1972.  Growth  and  hydrologic  influence  of  Euro- 
pean larch  and  red  pine  10  years  after  planting. 

U.S.  Dep.  Agric.  For.  Serv.,  Res.  Note  NC-144,  4 
p.  North  Cent.  For.  Exp.  Stn.,  St.  Paul, 
Minnesota. 

Ten  years  after  planting,  European  larch  and 
red  pine  diameters  averaged  11.2  and  9.6  cm,  and 
heights,  9.7  and  5.1  m.  Litter  on  the  larch  plots 
was  twice  as  heavy  as  on  the  pine  and  unplanted 
control  plots.  The  amount  of  water  depleted  by  the 

two  species  was  about  the  same,  and  it  was  about 
twice  the  amount  depleted  by  a  grass  and  weed 
cover. 
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(38)  Sartz,  Richard  S.,  and  David  N.  Tolsted.  1974. 
Leirch  litter  removal  has  no  significant  effect  on 
runoff.  U.S.  Dep.  Agric.  For.  Serv.,  Res.  Note 

NC-163,  2  p.  North  Cent.  For.  Exp.  Stn.,  St.  Paul, 
Minnesota. 

Runoff  was  measured  on  paired  litter-removed, 

litter-left  plots  in  an  11 -year-old  European  larch 
plantation.  On  five  of  the  six  pairs  of  plots,  the 
plot  with  the  litter  left  intact  yielded  more  runoff. 
However,  the  differences  were  neither  statistically 

nor  hydrologically  significant. 

(39)  Sartz,  Richard  S.,  and  David  N.  Tolsted. 
1974.  Effect  of  grazing  on  runoff  from  two  small 
watersheds  in  southwestern  Wisconsin.  Water 

Resour.  Res.  10:354-356. 

Runoff  behavior  of  two  small  open  pasture 
catchments  was  similar  when  both  were  grazed, 

but  by  the  third  year  after  cessation  of  grazing  on 
one,  its  runoff  had  dropped  sharply.  The  ungrazed 
/grazed  ratio  for  mean  total  flow  had  dropped 
from  1.17  to  0.10  and  for  mean  peak  flow  from 
0.82  to  0.03.  After  3  years  without  grazing  a 
heavy  mat  of  bluegrass  blanketed  the  ground,  and 
soil  bulk  density  was  significantly  lower. 

(40)  Stoeckeler,  J.H.  1959.  TrampUng  by  livestock 
drastically  reduces  infiltration  rate  of  soil  in  oak 
and  pine  woods  in  southwestern  Wisconsin.  U.S 
Dep.  Agric.  For.  Serv.,  Tech.  Note  556,  2  p.  Lake 
States  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Livestock  trampUng  reduced  infiltration  by  93 

percent  as  measured  by  3-inch  cylinders.  (See  also 
(41)  and  (44). 

Soil  freezing: 

(41)  Harris,  Alfred  R.  1972.  Infiltration  rate  as 

affected  by  soil  freezing  under  three  cover  types. 
Soil  Sci.  Soc.  Am.  Proc.  36:489-492. 

Infiltration  rates  on  abandoned  land  may  be  as 
high  as  on  deciduous  forest.  Infiltration  was 
affected  mainly  by  the  number  and  orientation  of 
connected  macropores  and  by  the  degree  of 
blockage  of  the  larger  drainage  channels  with  ice. 
Ice  crust  formation  may  be  a  problem  caused  by 
tight  conifer  canopies  and  can  contribute  to 
runoff. 

(42)  Sartz,  Richard  S.  1969. Soil  water  movemen 

as  affected  by  deep  freezing.  Soil  Sci.  Soc.  Am 

Proc.  33:333-337. 

Changes  in  soil  water  content  took  plac( 
throughout  much  of  the  frost  season,  even  witl 
deep  soil  frost.  Water  may  infiltrate  and  percolatt 

through  more  them  60  cm  of  hard-frozen  ground 
However,  frozen  ground  did  impede  percolation 
causing  a  buildup  of  water  in  the  frozen  zon( 
during  spring  melt. 

(43)  Sartz,  Richard  S.  1970.  Natural  freezing  £in( 

thawing  in  a  silt  and  a  sand.  Soil  Sci.  109:319-323 

Although  the  two  soils  began  to  freeze  at  the 
same  time,  frost  penetrated  faster  and  deeper  anc 
thawed  sooner  in  the  sandy  soil.  During  th« 

spring  thaw,  frost  persisted  in  the  silt  3  weekin 
longer  than  in  the  sand.  The  sand  began  thawinpi! 
at  the  surface  7  days  before  the  silt,  and  it  wa; 
completely  thawed  15  days  later. 

(44)  Sartz,  Richard  S.  1973.  Effect  of  forest  cove)(| 

removed  on  depth  of  soil  freezing  and  overlanr' 
flow.  Soil  Sci.  Soc.  Am.  Proc.  37:774-777. 

Removing  only  the  Utter  and  removing  all  th(. 
vegetation  from  hardwood  forest  plots  increasetcl 
both  soil  freezing  depth  and  overland  flow 
Removing  only  the  woody  vegetation  decreasec 
both.  Frost  depth  means  in  a  year  of  deep  fros 
were  6  and  11  cm  on  the  woody  vegetatioi 

removed  and  undisturbed  plots,  and  19  and  35  en 

on  the  £dl  vegetation  removed  and  litter-removec 
plots.  Overland  flow  ranged  from  less  than  1  en 

on  the  woody  vegetation-removed  plots  to  men 
thein  7  cm  on  the  all  vegetation-  and  litter-removec 

plots. 
(45)  Sartz,  Richard  S.  1973.  Snow  and  frost  depth; 
on  north  and  south  slopes.  U.S.  Dep.  Agric.  For 

Serv.,  Res.  Note  NC-157,  2  p.  North  Cent.  For 
Exp.  Stn.,  St.  Paul,  Minnesota. 

Aspect  affects  soil  frost  depth  by  influencing 
the  amount  of  solar  radiation  received  at  th€ 

ground  or  snow  surface.  Depending  on  th«i 
conditions,  frost  can  be  of  equal  depth  on  nortki 
and  south  slopes,  deeper  on  north  slopes,  oi 

deeper  on  south  slopes.  Data  illustrate  all  thre€« 
conditions.  [See  also  (80).] I 
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Springflow  and  ground  water: 

46)  Curtis,  Willie  R.  1963.  Flow  characteristics  of 

wo  types  of  springs  in  southwestern  Wisconsin. 

|J.S.  Dep.  Agric.  For.  Serv.,  Res.  Note  LS-1,  2  p. 
Lake  States  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Springs  on  the  Coulee  ExperimentEil  Forest  are 

ound  at  two  levels— approximately  900  and  1,000 
eet  above  sea  level.  Flow  from  the  1,000-foot 
prings  is  practically  constant  the  year  round, 
/hile  flow  from  the  lower  level  springs  varies  by 
reason,  month,  and  day  in  relation  to  climatic 
ariables.  A  hydrograph  of  daily  discharge  for 
961  for  each  level  of  spring  is  presented. 

47)  Curtis,  Willie  R.  1966.  Response  of  spring- 
low  to  some  climatic  variables  in  southwestern 

tVisconsin.  Water  Resour.  Res.  2:311-314. 

Springflow  responds  to  barometric  pressure  in 
outh western  Wisconsin,  and  it  fluctuates  much 

as  does  ground  water  in  response  to  precipitation 
md  soil  moisture. 

(48)  Sartz,  Richard  S.  1967.  Winter  thaws  can 

raise  ground  water  levels  in  Driftless  Area.  U.S. 

Dep.  Agric.  For.  Serv.,  Res.  Note  NC-35,  2  p. 
orth  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Evapotranspiration: 

(50)  Sartz,  Richard  S.  1972.  Anomalies  and 

sampUng  variation  in  forest  soil  water  measure- 
ment by  the  neutron  method.  Soil  Sci.  Soc.  Am. 

Proc.  36:148-153. 

Sampling  errors  were  determined  for  neutron 
meter  measurements  of  soil  water  content  in  a 

heterogeneous  forest  soil.  Variance  at  individual 

30-cm  depths  on  uncut  plots  increased  with  depth 
at  a  high  water  content  but  was  uniform  at  a  low 
water  content.  Changes  over  a  period  of  time  were 
more  variable  than  at  a  single  point  in  time.  Soil 
depth  differences  contributed  substantially  to  the 
variance  of  toted  storage  changes. 

(51)  Sartz,  Richard  S.  1972.  Soil  water  depletion 
by  a  hardwood  forest  in  southwestern  Wisconsin. 
Soil  Sci.  Soc.  Am.  Proc.  36:961-964. 

Water  depletion  by  uncut  forest  began  early  in 
the  growing  season  at  all  depths  measured  and 
continued  at  a  nearly  constant  rate  until  leaf  fall. 
Seasonal  depletion  in  a  1.5  m  soil  mantle  averaged 
188  mm  on  uncut  plots,  87  mm  on  clearcut  plots, 
and  57  mm  on  plots  without  vegetation.  The 
amount  of  depletion  increased  with  mantle  depth; 

thus  cutting  had  a  greater  water-saving  effect  on 
deeper  soils. 

Springflow  eind  ground  water  levels  both  rose 

Jvith  winter  thaws,  even  when  the  ground  was 
;rozen.  A  high  soil  water  content  suggests  that 

Abater  moved  to  the  water  table  through  a 
;ontinuous  column  of  soil  water  rather  them  as  a 

I  vetting  front. 
I 

!49)  Stoeckeler,  Joseph  H.,  and  Glenn  J.  Voskuil. 
1959.  Water  temperature  reduction  in  shortened 
spring  channels  of  southwestern  Wisconsin  trout 
ktreams.  Am.  Fisheries  Soc.  Trans.  88:286-288. 

Late  afternoon  summer  water  temperature  at 
the  mouth  of  a  spring  channel  on  a  trout  stream 
near  La  Crosse  in  southwestern  Wisconsin  were 

'reduced  by  10  degrees  to  11  degrees  F.  by 
shortening  the  channel  by  67  percent  and  routing 

the  water  through  a  willow-shaded  location.  [See 
also  (36).] 

(52)  Sartz,  Richard  S.,  and  M.  Dean  Knighton. 
1978.  Soil  water  depletion  after  four  years  of  forest 
regrowth  in  southwestern  Wisconsin.  U.S.  Dep. 

Agric.  For.  Serv.  Res.  Note  NC-230,  3  p.  North 
Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

The  effect  of  cutting  on  water  depletion  from  a 

150-cm  soil  mantle  doss  not  appear  to  have 
diminished  by  the  7th  year  after  the  trees  were 
cut.  Mean  seasoned  depletion  was  41,  64,  and  146 

mm  for  all- vegetation-re  moved,  woody- vegeta- 
tion-removed, and  uncut  treatments,  respectively. 

After  4  years  of  regrowth,  the  original  bare  Eind 
clearcut  treatments  depleted  only  21  and  35 

percent  as  much  water  as  the  uncut  forest. 

(53)  Stoeckeler,  J.H.,  and  Willie  R.  Curtis.  1960. 
Soil  moisture  regime  in  southwestern  Wisconsin 
as  affected  by  aspect  and  forest  type.  J.  For. 
58:892-896. 
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Gives  results  of  soil  moisture  on  a  transect 

across  a  valley,  from  ridge  to  ridge,  showing 

markedly  better  moisture  conditions  on  north- 
versus  south-facing  slopes.  Tree  growth  in  pine 
plantations  was  3.5  times  better  than  in  oak  on 

south-facing  slopes.  [See  also  (34)  and  (37).  ] 

Climate: 

(54)  Sartz,  Richard  S.  1966.  Rainfall  distribution 
over  dissected  terrain  in  southwestern  Wisconsin. 

Water  Resour.  Res.  2(4):803-809. 

Dissected  terrain  of  southwestern  Wisconsin 

has  only  a  small  effect  on  annual  point  rainfall;  the 
varieince  in  rainfadl  within  such  an  area  probably 
results  more  from  normal  storm  variation. 

(55)  Sartz,  Richard  S.  1967.  Annual  soil  tempera- 
ture wave  at  four  depths  in  southwestern 

Wisconsin.  U.S.  Dep.  Agric.  For.  Serv.,  Res.  Note 

NC-32,  2  p.  North  Cent.  For.  Exp.  Stn.,  St.  Paul, 
Minnesota. 

The  annual  soil  temperature  wave  measured  on 
a  southeast  slope  in  southwestern  Wisconsin 
followed  the  air  temperature  wave  at  all  depths. 

(56)  Sartz,  Richard  S.  1972.  Effect  of  topography 
on  microclimate  in  southwestern  Wisconsin.  U.S. 

Dep.  Agric.  For.  Serv.,  Res.  Pap.  NC-74,  6  p. 
North  Cent.  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Ridge  and  coulee  terrain  has  little  effect  on 
point  rainfall,  but  snowpack  accumulation  is 
affected  by  degree  of  slope  and  aspect.  North 
slopes  accumulate  about  50  percent  more  snow. 
Soil  water  depletion  is  little  affected  by  aspect. 
South  slopes  receive  more  insolation  thein  north 
slopes,  but  temperature  differences  are  slight  and 
may  result  more  from  wind  differences  than  from 
aspect.  Air  drainage  has  a  significant  effect  on 
nighttime  air  temperatures  in  coulee  bottoms. 

(57)  Stoeckeler,  Joseph  H.  1963.  Springtime  frost 
frequency  near  LaCrosse,  Wisconsin,  as  affected 
by  topographic  position,  and  its  relation  to 

potential  reforestation  problems.  J.  For.  61:379- 
381. 

Frosts  of  30°  F  or  less  were  eight  times 
more  abundant  in  a  2-year  period  in  a  cove  at 

elevation  of  920  feet  above  sea  level  than  in  j 

nearby  ridgetop  at  1,250  feet  elevation. 

Publications — Reforestation 

(58)  Knighton,   M.   Dean.    1970.    Simazine  mai* 
stunt  young  European  larch.  Tree  Plant.  Note* 

21(2):17. 

Fall  spraying  young  European  larch  wit« 
Simazine  reduced  height  growth  by  14  percen 
and  increased  mortality  2  percent  the  year  aft«t< 

spraying. 

(59)  Knighton,  M.  Dean.  1972.  Effects  of  grouni 

preparation  on  planted  red  pine  in  southwester  r 
Wisconsin.  U.S.  Dep.  Agric.  For.  Serv.,  Res.  Noti 

NC-134,  2p.  North  Cent.  For.  Exp.  Stn.,  St.  Paul 
Minnesota. 

After  9  years,  3-0  red  pines  planted  by  machin  s 
and  by  hand  in  single  plowed  furrows  had  3  jj 
percent  more  survival  than  trees  hand  planted  i  i 
scalps.  Planting  method  did  not  affect  survival  {| 

2-1  transplants.  Height  growth  was  18  perceni 

greater  for  machine  and  single-furrow  plantel 
trees  than  for  hand  plsinted  trees.  Bench  terrace  i 
£ind  double  furrows  gave  intermediate  values. 

(60)  Sartz,  Richard  S.  1965.  Effect  of  forest  litte 

on   growth   of  hardwood   seedlings.    U.S.    Dei  ■I' 
Agric.  For.  Serv.,  Res.  Note  LS-59,  2  p.  Lak; 
States  For.  Exp.  Stn.,  St.  Paul,  Minnesota.  | 

Red  and  white  oak  and  black  walnut  seedling  j 

grew  much  faster  on  lysimeters  that  had  i 
covering  of  leaf  litter  than  on  a  lysimeter  withoii 
litter.  The  third  year  after  treatment  the  mulche  I 
black  walnut,  red  oak,  and  white  oak  averaged  5  > 

percent,  51  percent,  and  40  percent  talleij 
respectively.  The  faster  growth  probably  resulte; 
from  a  greater  supply  of  available  moisture. 

(61)  Sartz,  Richard  S.   1968.   Hail  can  seriousl 

damage  eastern  white  pine.  J.  For.  66:353. 

Hail  seriously  damaged  a  seventh-year  whit^ 

pine  plantation  by  riddhng  the  bark  on  main  stem  i 
and  lateral  branches.  Red  pine,  white  and  Norwa 

spruces,  and  European  leirch  on  the  same  sit 
were  not  damaged. 
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112)  Sartz,  Richard  S.  1970.  Mouse  damage  in 

pung  plantations  in  southwestern  Wisconsin.  J. 
Dr.  68:88-89. 

Meadow  voles  caused  serious  losses  in  old-field 
lantings  of  Austrian  and  Scotch  pine,  Norway 
)iuce,  and  European  larch.  White  pine  was  not 
^avily  attacked,  and  white  spruce  was  passed  up 
)mpletely.  No  damage  or  other  mouse  signs  were 
lund  on  south  aspect  plantings. 

•3)  Stoeckeler,  J.H.  1962.  Planting  research  on 
le  Coulee  Forest.  Wisconsin  Conserv.  Bull. 

7(1):10-11. 

I  Describes  a  new  program  of  reforestation 
|jsearch  started  in  spring  1961  on  the  Coulee 
xperimental  Forest  near  La  Crosse,  Wisconsin, 
I  cooperation  with  the  Wisconsin  Conservation 
epartment.  Planting  trials  the  first  year  with 
15,000  trees  involved  11  species,  4  age  classes, 
id  2  transpiration  retardants  planted  on  both 
jol  and  hot  aspects  of  microsite. 

)4)  Stoeckeler,  J.H.  1962.  Angle-dozer  used  for 

•ee  planting.  J  Soil  Water  Conserv.  17:178-179. 

A  small  angle-dozer  was  used  with  good 
conomy  in  making  30.5  miles  of  level,  narrow 
ench  terraces  at  an  average  cost  of  $12.20  per 

jiile,  or  $12.57  per  acre  for  a  calculated  8-foot 
pacing  between  rows.  The  study  was  made  in 
lilly  terrain  in  southwestern  Wisconsin  with 
lopes  up  to  32  percent.  Advantages  and 
imitations  of  the  method  are  discussed. 

I 
S5)  Stoeckeler,  Joseph  H.  1963.  Ground  prepara- 
;ion  costs  and  first-year  survival  of  planted  red 
fine  in  southwestern  Wisconsin.  U.S.  Dep.  Agric. 

tor.  Serv.,  Res.  Note  LS-28,  4  p.  Lake  States  For. 
xp.  Stn.,  St.  Paul,  Minnesota. 

A  comparison  is  made  in  field  survival  and  costs 

or  3-0  and  2-1  red  pine  planted  in  five  different 
ypes  of  ground  preparation;  that  is.  bench 
erraces,  single  furrows,  double  furrow,  Lowther 
nachine,  and  scalps. 

66)  Stoeckeler,  Joseph  H.  1963.  Early  survival  of 
)lanted  trees  in  southwestern  Wisconsin,  by 
ipecies,  age  classes,  and  site  factors.  U.S.  Dep. 

Agric.  For.  Serv.,  Res.  Note  LS-27,  4  p.  Lake 
States  For.  Exp.  Stn.,  St.  Paul,  Minnesota. 

Survivals  are  given  for  first  and  second  years  for 
all  species  combined,  and  for  the  commonly 

planted  2-0,  3-0,  and  2-1  red  pine  on  10  field 
reforestation  plots  of  various  aspects,  soils,  and 

topographic  positions.  Species  and  age-class 
recommendations  are  made  for  six  classes  of  sites. 

(67)  Stoeckeler,  J.H.  1964.  Two-year  results  of 
direct-seeded  black  walnut  in  a  cove  on  the  Coulee 
Experimental  Forest,  LaCrosse,  Wisconsin.  Tree 
Plant.  Notes  67:12-13. 

A  second-year  stocking  of  85  percent  and  a 
germination  of  49  percent  were  achieved  in 
directly  field  seeding  three  seeds  per  seed  spot  in 
conventional  12-inch-wide  furrows. 

(68)  Stoeckeler,  Joseph  H.  1965.  Spring  frost 
damage  in  young  forest  plantings  near  LaCrosse, 
Wisconsin.  J.  For.  63:12-14,  and  Am.  Christmas 

Tree  Growers'  J.  9(2) :36,  38-40. 

Observations  of  effects  of  spring  freezing  of 

May  22-23,  1963,  on  13  tree  species  in  second- 
and  third-year  plantations  near  La  Crosse, 
Wisconsin,  indicate  the  following  sensitivity  to 

frost  injury:  sensitive— Norway  spruce,  white 
spruce,  European  larch;  slightly  sensitive  — Aus- 

trian pine;  not  sensitive— jack,  ponderosa,  red, 
Scotch,  and  white  pines  and  eastern  redcedar. 
Some  variation  was  noted  in  frost  damage  by 
altitude. 

(69)  Stoeckeler,  J.  H.  1966.  Hexadecanol  applied 
to  foliage  improves  early  field  survival  of  pine 

planting  on  a  droughty  site.  J.  For.  64:200-201. 

Hexadecanol,  a  saturated,  fatty  alcohol,  re- 
duced the  drought  loss  of  3-0  red  pine  plemted  on 

a  steep,  dry,  windswept  hillside  in  Wisconsin. 

(70)  Stoeckeler,  J.  H.  1966.  Trees  for  the  Coulee 

Region.  Wisconsin  Conserv.  Bull.  31(1):  14-16. 

Pinpoints  the  species  responding  the  best  of  13 

planted  in  Wisconsin's  Coulee  Region  according 
to  nursery-stockage  class,  ground  preparation, 

aspect,  soil  condition,  ground  cover,  and  topo- 

graphic position. 
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Publications — Research   Instruments 
and  Techniques 

(71)  Curtis,  Willie  R.  1960.  An  automatic  trigger 
device  for  use  on  FW-1  water  level  recorders.  J. 
For.  58:819-821. 

Explains  construction  and  operation  of  a 
time-saving  trigger  device  used  in  conjunction 
with  water-level  recording  on  ephemeral  streams. 

During  no-flow  periods  the  clock  is  kept  from 

running  by  application  of  back  pressure.  When 
flow  occurs,  movement  of  float  activates  release 
mechanism  and  clock  begins  to  run. 

(72)  Curtis,  Willie  R.  1961.  An  inexpensive 

water-level  point  gage.  U.S.  Dep.  Agric.  For. 
Serv.,  Tech.  Note  613,  2  p.  Lake  States  For.  Exp. 
Stn.,  St.  Paul,  Minnesota. 

Materials  and  methods  of  construction  of  an 

inexpensive  water  level  point  gage  are  described. 
The  gage  is  for  use  in  conjunction  with  streamflow 
recording  stations.  Three  photographs  show 
general  view  and  specific  details  of  construction. 

(73)  Curtis,  Willie  R.  1963.  Device  for  automati- 
cally starting  a  recording  rain  gage  when  rainfall 

begins.  U.S.  Dep.  Agric.  For.  Serv.,  Res.  Note 

LS-3,  3  p.  Lake  States  For.  Exp.  Stn.,  St.  Paul, 
Minnesota. 

The  device  described  allows  a  recording  rain 
gage  to  operate  only  after  rainfall  begins.  Only  a 
few  drops  of  water  are  necessary  to  trigger  the 
mechanism.  Construction  detail  is  shown  in  three 

photos,  and  the  needed  materials  are  listed. 

(74)  Curtis,  Willie  R.  1963.  Tool  for  editing 

analog-to-digital  tapes.  J.  Soil  Water  Conserv. 
17:254. 

Describes  details  of  construction  and  use  of  a 

tool  that  aids  in  the  editing  and  computing  of 

punched  tape  obtained  with  analog-to-digital 
recorders. 

(75)  Curtis,  WilUe  R.,  and  David  N.  Tolsted.  1967. 

Chart  holder  uses  old  typewriter  parts.  Agric. 
Eng.  48(3):154-155. 

Describes  how  to  make  and  use  a  chart  holder 

that  increases  accuracy  and  reduces  calculation 

time  when  computing  runoff  volumes  by  th  > 
Copley  method.  Most  of  the  parts  can  be  salvage  I 
from  an  old  typewriter. 

(76)  Hansen,  Edward  A.,  and  Alfred  Ray  Harris 

1974.  A  ground  water  profile  sampler.  Wate  ■ 
Resour.  Res.  10(2):375. 

A  ground  water  profile  sampler  was  developei 
for  obtaining  water  samples  at  predetermine^ 
depths.  This  permits  determining  the  gradients  c 
contaminants  in  a  ground  water  system. 

(77)  Hemsen,  Edward  A.,  and  Alfred  Ray  Harris 

1975.  Validity  of  soil-water  samples  collected  witl 
porous  cerzimic  cups.  Soil  Sci.  Soc.  Am.  Proc 
39:528-536. 

Laboratory    and    field    tests    were    made    t, 
determine  if  porous  ceramic  cups  collect  repre*! 

sentative  samples  of  nitrate  and  phosphate  froiiii| 
soil  water.  Sources  of  sample  bias  were  sorption 

leaching,  diffusion,  and  screening  of  ions  by  thi 
cup    w£ills.     Sample    variability    was     strongl;;l| 
influenced   by    sampler   intake    rate,    plugging; 

sampler  depth,  and  type  of  vacuum  system.  Th(i 

demonstrated  variability  and  unknown  bias  makili| 

interpretation  of  sampler  data  difficult.  ' 

(78)  Harris,  Alfred  Ray.  1970.  Direct  reading  fros 

gage  is  reliable,  inexpensive.  U.S.  Dep.  Agric  ' 
For.  Serv.,  Res.  Note  NC-89,  2  p.  North  Cent.  For  I 
Exp.  Stn.,  St.  Paul,  Minnesota. 

A  tube-type  gage  is  economicEil,  easy  to  make 
and  is  a  reliable  indicator  of  frost  depth.  Gagt 

readings  were  within  5  cm  of  indicated  true  fros 

depth  95  percent  of  the  time. 

(79)  Harris,  Alfred  Ray.  1975.  Evaluation  o 
several  methods  of  applying  sewage  effluent  t( 
forested  areas  in  the  winter.  Agron.  Abstracts 
67th  Annual  Meeting  Am.  Soc.  Agron.,  p.  166 
(Knoxville,  Tennessee,  Aug.  24-30,  1975.) 

Sewage  effluent  was  apphed  by  surface* 
subsurface,  and  sprinkler  systems  to  a  forestec 
area  for  two  winters  at  Fort  McCoy,  Wisconsin 
Water  distribution  in  the  frozen  soil  was  generallj 

poor  for  all  the  systems.  Wet  spots  werf 
interspersed  with  dry  spots  in  the  frozen  soi. 
indicating  that  water  did  not  distribute  evenly  bul 

merely    enriched     areas    close     to     conducting' 
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hannels.  Although  substantizd  effluent  infiltrated 

[he  frozen  soil  with  each  method,  the  feasibiUty  of 
ivintertime  irrigation  in  forested  areas  is  still 

incertain  because  of  site  disturbance  and  poor 
enovation  of  effluent. 

80)  Harris,  Alfred  Ray,  and  Edward  A.  Hansen. 

1975.  A  new  ceramic  cup  soil-water  sampler.  Soil 
>ci.  Soc.  Am.  Proc.  39:157-158. 

I  A  newly  designed  soil-water  sampler  utilizing  a 
niniature  porous  ceramic  cup  is  suitable  for  either 
:ollecting  large  samples  or  for  micro  techniques. 
!t  eliminates  sample  transfer  in  the  field  £uid 
contamination  from  water  channehng  along 

^ampler,  and  can  be  enclosed  to  discourage 
/andalism.  It  also  permits  immediate  preservation 
)f  the  collected  sample. 

81)  Knighton,  M.  Dean.  1978.  Estimating 
Infiltration  from  soil  properties  for  a  loessal  silt 

joam.  U.S.  Dep.  Agric.  For.  Serv.,  Res.  Note 

KC-233,  4  p.  North  Cent.  For.  Exp.  Stn.,  St.  Paul, 
Minnesota. 

An  infiltration  model  for  a  loessal  silt  loam  in 

southwestern  Wisconsin  was  developed  and 
iested.  The  model  depends  on  soil  physical 

properties  for  estimating  infiltration.  The  pro- 
perties showing  the  greatest  significance  were 

prganic  carbon  content,  total  pore  space,  aind 
|[noisture  content.  Bulk  density  and  large  pore 
5pace  also  proved  to  be  significant.  The  model 
idequately  predicted  final  infiltration  rates  but 
Was  weaker  with  respect  to  initial  rates  on  an 
abandoned  field  and  a  conifer  plantation.  When 
uCsted  against  measured  infiltration  rates  in  an 

mdisturbed  oak-hickory  woods  the  model  proved 
0  be  inadequate. 

182)  Sartz,  Richard  S.  1962.  Field  transport  for  the 
leutron  soil-moisture  meter.  J.  Soil.  Water 
bonserv.  17:27. 

I 
I    A    three-wheeled    buggy    for    transporting    a 
Nuclear-Chicago  neutron-scattering  soil-moisture 
meter  is  described  and  illustrated.  It  is  made  from 

the  front  half  of  a  girl's  bicycle  frame,  a  rear  axle 
with   heavy-duty   bicycle   tires,    and   a   plywood 
:arriage.  It  can  be  used  over  rough  terrain.  Cost 
fvas  $64. 

(83)  Sartz,  Richard  S.  1967.  A  test  of  three  indirect 

methods  of  measuring  depth  of  frost.  Soil  Sci. 
104(4):273-278. 

A  modified  frost  penetrometer,  which  was 
found  to  be  fast  and  accurate,  was  used  as  a  check 
on  indirect  methods  of  measuring  depth  of 
concrete  frost  penetration.  Resistance  block 
determinations  agreed  well  with  the  penetrometer 
measurements.  The  Soiltest  frostmeter  was  found 
to  be  unreUable  as  a  scientific  instrument. 

(84)  Sartz,  Richard  S.  1969.  Interpreting  neutron 
probe  readings  in  frozen  soil.  U.S.  Dep.  Agric. 

For.  Serv.,  Res.  Note  NC-77,  4  p.  North  Cent.  For. 
Exp.  Stn.,  St.  Paul,  Minnesota. 

Temperature  was  not  important,  but  the  effect 
of  verticzd  resolution  is  particularly  important  in 
frozen  soil  because  of  water  and  ice  buildup  on 
and  near  the  ground  surface.  The  possibihty  of 
both  downward  and  upward  movement  of  water 
complicates  the  interpretation  of  neutron  probe 
readings  in  frozen  soil. 

(85)  Sartz,  Richard  S.,  and  WiUie  R.  Curtis.  1961. 

Field  CEdibration  of  a  neutron-scattering  soil 
moisture  meter.  U.S.  Dep.  Agric.  For.  Serv.,  Stn. 
Pap.  91,  15  p.  Lake  States  For.  Exp.  Stn.,  St.  Paul, 
Minnesota. 

A  method  of  calibrating  the  Nuclear-Chicago 
neutron-scattering  soil-moisture  depth  probe  by 
gravimetric  sampling  is  explained.  Soil  moisture 

contents  as  determined  from  the  manufacturer's 
calibration  curve  were  found  to  be  too  high  at  low 
moisture  levels  and  too  low  at  high  moisture 
levels.  Correction  factors  for  shallow  readings  are 

given  for  the  particular  instrument  used. 

(86)  Sartz,  Richard  S.,  and  WiUie  R.  Curtis.  1967. 

Simple  sediment  sampler  for  flumes.  Agric.  Eng. 

48(4):224. 

A  method  of  automatically  collecting  suspended 
sediment  samples  from  flumes  is  described  and 
illustrated. 

Publications — Miscellaneous 

(87)  Dils,  Robert  E.   1957.  Watershed  manage- 
ment research  needs  in  the  forests  of  the  Lake 
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States.  Michigan  State  Univ.  Agric.  Exp.  Stn. 

Spec.  Bull.  416,  35  p. 

Provides  a  survey  of  watershed  management 
research  needs  in  the  northern  forest  area  £md  the 
Driftless  Area  of  the  Lake  States.  Describes  the 

water  resources  and  requirements  and  the 

problems  in  watershed  management.  Background 
information  includes  climate,  topography  and 

geology,  soils,  and  land  use. 

(88)  Sartz,  Richard  S.  1962.  The  Coulee  Experi- 
mental Forest— A  new  field  laboratory  for 

southwestern  Wisconsin.  Wisconsin  Acad.  Re- 

view 9(1): 1-5. 

A  popular-style  article  on  research  on  the  Forest 
and  how  the  Forest  came  into  being. 

(89)  Sartz,  Richard  S.  1977.  Carlos  G.  Bates, 
maverick  Forest  Service  Scientist.  J.  For.  Hist. 

21(l):31-39. 

Recounts  the  working  life  of  C.G.  Bates,  from 

the  famous  Wagon  Wheel  Gap  effect-of-forest-on- 
streamflow  study  to  the  Great  Plains  shelterbelts, 
his  study  of  floods  and  erosion  in  the  Driftless 

Area,  and  his  taking  on  the  dam-builders  in  the 

Mississippi  River's  Flood  Control  Controversy. 

(90)  Weitzman,  Sidney.  1957.  Needed— a  forest 
research  program  for  southwest  Wisconsin. 

Wisconsin  Conserv.  Bull.  22(3):28-33. 

Describes  the  condition  of  the  forests  in 

southwest  Wisconsin  with  respect  to  both  timber 
production  and  watershed  protection.  Discusses 
the  problems  and  conflicts  that  brought  about 

existing  conditions.  Outlines  the  reseeirch  pro- 
gram needed  to  solve  current  problems. 

LIST  OF  PERSONNEL 

Full-time  personnel  associated  with  the  re- 
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Joseph  H.  Stoeckeler,  Forester 
Harold  F.  Scholz,  Forester 
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Joseph  H.  Stoeckeler,  Soil  Scientist 

Richard  S.  Sartz,  Forester-Project  Leader 
Janice  M.  Johnson,  Secretary 
Willie  R.  Curtis,  Forester 
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Sartz,  Richard  S. 
1978.  Thirty  years  of  soil  and  water  research  by  the  Forest  Service  in 

Wisconsin's  Driftless  Area— a  history  and  annotated  bibUography. 
U.S.  Dep.  Agric.  For.  Serv.  Gen.  Tech.  Rep.  NC-44,  18  p.  North  Cent. 
For  Exp.  Stn.,  St.  Paul,  Minnesota. 

The  history  of  forest  watershed  management  research  in  the  upper 

Mississippi  Valley's  unglaciated  region,  from  its  beginning  in  1928  to 
its  end  in  1975,  is  narrated  along  with  an  annotated  bibUography  of 
the  reseeirch  accomplishments. 

OXFORD:  (048.1)116:116.6:114.12.  KEY  WORDS:  InfUtration,  hy- 
drology, erosion,  streeunflow. 

Sartz,  Richard  S. 
1978.  Thirty  years  of  soil  and  water  research  by  the  Forest  Service  in 

Wisconsin's  Driftless  Area— a  history  and  annotated  bibhography. 
U.S.  Dep.  Agric.  For.  Serv.  Gen.  Tech.  Rep.  NC-44,  18  p.  North  Cent. 
For  Exp.  Stn.,  St.  Paul,  Minnesota. 

The  history  of  forest  watershed  management  research  in  the  upper 

Mississippi  Valley's  unglaciated  region,  from  its  beginning  in  1928  to 
its  end  in  1975,  is  narrated  along  with  an  annotated  bibUography  of 
the  research  accomplishments. 

OXFORD:  (048.1)116:116.6:114.12.  KEY  WORDS:  Infiltration,  hy- 
drology, erosion,  streamflow. 
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THE  EXTENT  AND  CHARACTERISTICS 
OF  LOW  PRODUCTIVITY  ASPEN  AREAS  IN  WISCONSIN 

Allen  L.  Lundgren,  Principal  Economist 
and  Jerold  T.  Hahn,  Mensurationist 

The  aspen  type  in  Wisconsin  occupies  about  3.7 
million  acres,  25  percent  of  the  commercial  forest 

land  in  the  State.  Aspen  is  a  major  pulpwood  spe- 
cies in  the  State  and  during  recent  years  has  pro- 

vided 40  to  45  percent  of  the  total  pulpwood. 
Because  of  the  wide  extent  of  the  aspen  type  and 

importance  of  the  timber  industry,  there  is  consid- 
erable interest  in  knowing  the  inherent  capabili- 

ties of  the  aspen  forest  land. 

Extensive  areas  of  aspen  in  Wisconsin  currently 
produce  little  commercial  timber,  either  because 

of  inherently  low  timber-growing  potential  for  as- 
pen or  because  they  are  understocked  and  are  not 

capturing  the  full  site  potential.  However,  details 
about  the  extent  and  distribution  of  these  low 

productivity  areas  have  not  been  available.  This 
I  report  summarizes  the  extent  and  characteristics 

of  "low  productivity"  aspen  areas  in  Wisconsin  and 
shows  their  location  and  general  distribution.  It 
considers  both  the  inherent  capacity  of  a  site  to 
grow  timber  (its  potential  productivity)  and  the 
percent  of  potential  captured  by  the  existing 
stand. 

DATA  BASE 

The  data  for  this  study  were  taken  from  1,592 
plots  classified  as  aspen  type  that  were  measured 

during  the  1968  forest  survey  of  Wisconsin  on  non- 
National  Forest  land  (Spencer  and  Thome  1972), 
and  from  27  plots  on  the  Chequamegon  National 

^orest  measured  in  1974  and  37  plots  on  the  Nico- 
t  National  Forest  measured  in  1975.  Each  plot 

consisted  of  10  variable  radius  (37.5  Basal  Area 

Factor  prism)  points  equally  spread  over  approxi- 
mately 1  acre.  Plot  locations  were  determined  by 

placing  a  systematic  grid  of  1-acre  dots  over  an 
aerial  photo  mosaic  of  each  township.  To  simplify 
the  computing  and  to  present  the  data  for  smaller 

geographically  similar  sections,  the  State  was  di- 
vided into  five  survey  units  (fig.  1). 

The  definition  of  the  aspen  type  used  by  forest 

survey  is  "A  stand  in  which  a  mixture  of  quaking 
or  bigtooth  aspen  and  balsam  poplar,  singly  or  in 

combination,  comprises  a  plurality  of  the  stock- 

ing".^ To  determine  which  of  the  plots  measured  in 
the  three  surveys  were  in  the  aspen  type,  the 

stocking  of  all  live  trees  tallied  on  a  plot  was  sum- 
marized by  species  and  the  plurality  rule  applied. 

However,  a  plot  with  a  diversity  of  species  was 
typed  as  aspen  if  stocking  in  aspen  and  paper  birch 

in  combination  with  other  hardwood  species  ex- 
ceeded the  stocking  of  conifers,  if  aspen  and  paper 

birch  combined  exceeded  other  hardwood  species, 
and  if  the  aspen  exceeded  the  paper  birch. 

Throughout  this  paper  trees  are  described  as  all 

live  or  as  growing  stock.  Live  trees  are  those  1.0- 
inch  d.b.h.  or  larger  that  are  alive  at  the  time 
tallied.  They  are  further  classified  as  desirable, 

acceptable,  rough,  rotten,  or  short  log.  Desirable 
trees  have  no  serious  defects  that  limit  present  or 
prospective  use,  have  relatively  high  vigor,  and 

^Stocking  is  the  degree  of  utilization  of  land  by  trees  as  measured 
in  terms  of  basal  area  and/or  the  number  of  trees  in  a  stand 
compared  to  the  basal  area  and/or  number  of  trees  required  to 
utilize  fully  the  growth  potential  of  the  land.  For  a  thorough 
discussion  of  stocking,  see  Spencer  and  Thome  1972,  page  27. 



Figure  1. — Survey  units  for  the  1968  Wisconsin  Forest  Survey. 

contain  no  pathogens  that  may  kill  or  seriously 
deteriorate  them  before  rotation  age.  These  are 
trees  that  would  be  favored  by  forest  managers  in 
silvicultural  operations.  Acceptable  trees  have  no 
serious  defects  that  limit  present  or  prospective 
use  but  have  pathogens  or  damage  that  may  affect 
quality.  The  class  of  trees  referred  to  as  growing 
stock  include  only  desirable  and  acceptable  trees. 

PRODUCTIVITY 

The  first  step  in  the  analysis  was  to  establish  tl  i 
potential  and  actual  productivity  of  each  invent: 
ry  plot  in  Wisconsin  in  comparable  units  so  eai  I 
plot  could  be  characterized  by  the  percent  of  i : 
potential  actually  achieved.  Site  productivity  i 



jxpressed  in  cubic  feet  per  acre  per  year.  The  cur- 
rent productivity  of  a  stand  varies  with  its  age,  but 

'or  a  given  rotation  length  productivity  of  a  stand 
;an  be  expressed  in  terms  of  the  mean  annual 

ncrement  over  the  rotation.  Site  productivity  typ- 
cally  is  expressed  by  the  maximum  mean  annual 
ncrement  over  the  range  of  rotation  ages. 

Yield  tables  from  Kittredge  and  Gevorkiantz 
1929),  reporting  total  peeled  cubic  foot  volume  per 

icre  per  year  in  trees  1-inch  d.b.h.  and  larger  in 
veil-stocked  aspen  stands,  have  been  used  for 
nore  than  a  decade  as  the  standard  for  determin- 
ng  aspen  site  productivity  in  the  Lake  States,  and 

ire  used  in  this  analysis.^  An  equation  relating 
naximum  mean  annual  increment  (MAI)  in  cubic 

eet  per  acre  per  year  to  site  index  (S)  was  derived 
rom  the  table  data  in  Kittredge  and  Gevorkiantz 

il929).  A  second-degree  polynomial  was  fit  to  the 
llata  for  the  five  sites  reported  in  the  table  to  mini- 
liiize  the  squared  differences  between  the  derived 
Ind  predicted  values  and  resulted  in  the  following 
equation: 

MAI 
■97.53  +  3.5463S- .014286  S' 

jVe  used  this  equation  to  estimate  the  MAI  for 
|ach  plot  from  its  recorded  site  index,  and  then  we 

lised  this  MAI  estimate  to  classify  the  plot's  poten- 
ial  site  productivity. 

The  actual  productivity  of  each  plot  is  more  diffi- 
l^lt  to  estimate.  Present  inventory  procedures  re- 
uire  that  only  merchantable  volumes  of  growing 

tock  trees  be  recorded,  whereas  the  MAI  devel- 
oped from  the  Kittredge  and  Gevorkiantz  data 

jjicluded  total  peeled  volumes  of  all  live  trees  1.0- 
llich  d.b.h.  and  larger.  Thus,  the  actual  and  poten- 
ial  volumes  could  not  be  compared  directly, 
iherefore,  we  decided  to  use  basal  area  rather 

lian  volume  for  our  comparisons.  All  tree  species, 
ot  just  aspen,  are  included  in  estimating  percent 
chievement. 

Schlaegel  (1971)  derived  an  equation  for  esti- 
jiating  the  total  stand  cubic-foot  yield  per  acre, 
iside  bark,  for  aspen  (V)  from  total  basal  area  in 
^luare  feet  per  acre  (B)  and  average  total  height  in 
set  of  dominants  and  codominants  (H): 

V  =  0.41898  HB 
If  we  assume  that  stand  height  is  the  same  for  a 

jiven  age  and  site  regardless  of  stand  density, 

lean  annual  increments  derived  from  Ek  and  Brodie  (1975) 
irefrom  10  to  15  percent  lower  than  those  reported  by  Kittredge 
fid  Gevorkiantz  on  site  indexes  50  to  70,  but  they  agree  closely 
fi  site  index  80. 

then  for  a  given  age  and  site  the  total  cubic  volume 
of  a  stand  is  directly  proportional  to  the  basal  area 
of  the  stand.  That  is, 

V-  kB 

where  k  =  0.41898  H 

The  actual  volume  in  a  stand  (Va)  is  estimated 
directly  from  its  actual  basal  area  (Ba),  and  the 
potential  volume  in  a  stand  (V,,)  is  estimated  from 
its  potential  basal  area  (Bp): 

Va  =  kBa 

Vp  =  kBp 

From  these  volume  equations  it  is  evident  that 
the  proportion  of  potential  volume  actually 
achieved,  Va/Vp,  is  identical  to  the  proportion  of 
basal  area  actually  achieved,  Ba/Bp,  for  a  given  age 
and  site: 

JVakBaBa^ 
Vp     kBp    Bp 

Using  basal  area,  which  is  directly  available 
from  the  plot  records,  to  estimate  the  percent  of 

potential  productivity  achieved  eliminated  exten- 
sive volume  computations  and  adjustments. 

We  also  had  to  determine  at  what  point  in  the 

stand's  development  to  compare  the  basal  areas. 
The  actual  current  annual  increment  recorded  for 

each  inventory  plot  cannot  be  compared  directly 
with  the  potential  MAI.  Current  increment  is  an 

average  for  only  one  recent  growth  period,  where- 
as the  MAI  is  an  average  for  all  growth  periods 

throughout  an  entire  rotation.  Ideally,  actual  total 
production  of  a  stand  from  its  present  age  to  the 
end  of  the  rotation  should  be  compared  with  its 

potential  total  production  throughout  the  same 

period.  With  a  one-final-harvest-cut  system  of 
management,  as  is  used  almost  universally  with 
aspen,  the  projected  actual  basal  area  at  the  time 
of  harvest  could  be  compared  with  its  expected 

potential  at  the  time  of  harvest  to  estimate  the 
percent  of  potential  the  stand  will  achieve.  But  if 

understocked  stands  tend  to  approach  full  stock- 
ing with  increasing  age,  using  the  current  state  of 

the  stand  would  underestimate  the  stand's  ulti- 
mate percent  achievement  of  full  productivity.  To 

correct  this  deficiency  current  basal  area  must  be 

projected  to  rotation. 

Unfortunately,  Schlaegel's  (1971)  equation  for 
projecting  aspen  basal  area  growth  covers  only 



sites  greater  than  site  index  65  and  assumes  that 
growth  is  the  same  on  all  sites.  Although  the 

growth  rates  given  by  Schlaegel's  equation  corre- 
spond reasonably  well  with  those  implied  by  the 

Kittredge  and  Gevorkiantz  tables  for  older  stands 
on  better  sites,  they  consistently  give  much  higher 
basal  area  growths  than  shown  by  Kittredge  and 
Gevorkiantz  for  poorer  sites  and  younger  ages.  We 
decided  to  express  the  percent  of  full  production 
achieved  in  terms  of  the  current  state  of  the  stand 

rather  than  attempt  projecting  stand  density  to 
the  end  of  the  rotation. 

The  potential  basal  area  per  acre  (B)  at  any 

given  site  index  (S)  and  stand  age  (A)  was  esti- 
mated by  the  following  equation: 

B  =  2.385  S  (l-e-0031268A) 

The  parameters  of  this  equation  were  deter- 
mined by  fitting  a  nonlinear  function  to  the  basal 

areas  given  by  Kittredge  and  Gevorkiantz  (1929) 

for  all  trees  ̂ 1-inch  d.b.h.  in  well-stocked  aspen 
stands  for  a  range  of  ages  and  sites.  To  estimate 
the  proportion  of  potential  achieved,  the  current 

basal  area  recorded  for  the  inventory  plot  was  di- 
vided by  its  potential  estimated  from  the  above 

equation.  Using  this  equation,  the  estimated  po- 
tential basal  area  of  a  30-year-old  stand  on  site 

index  70  would  be  102  square  feet/acre.  If  the  ac- 
tual basal  area  was  51  square  feet/acre,  the  stand 

would  have  achieved  only  50  percent  of  its  poten- 
tial, and  would  be  so  recorded. 

The  present  basal  area  of  a  stand  can  be  ob- 
tained directly  from  each  plot  record.  But  should 

the  basal  area  include  all  live  trees  or  should  only 

growing-stock  trees  be  included?  The  first  pro- 
vides a  measure  of  apparent  stocking  of  all  trees  in 

a  stand  and  may  be  most  appropriate  for  such 

harvest  systems  as  full-tree  chipping  of  all  live 
trees.  The  second  measures  stocking  of  only  those 

trees  considered  desirable  and  acceptable  by  tradi- 
tional markets  and  harvesting  systems.  We  used 

both  measures  and  made  separate  sets  of  tables  for 
each.  When  using  the  tables,  keep  in  mind  the 
distinction  between  the  two  measures  of  potential 
achievement. 

EXTENT  OF  LOW  PRODUCTIVITY 
AREAS 

The  stand  age,  site  productivity,  and  percent  of 

potential  achieved  were  determined  for  each  in- 
ventory plot  classed  as  aspen  type.  The  percent  of 

achievement  was  based  on  the  basal  area  of  ( 1)  { 

live  trees  >  1 .0-inch  d.b.h.  (tables  1-6,  p.  13-18)  ai  i 

(2)  growing  stock  trees  only  (tables  7-12,  p.  19-2' 
The  total  acres  within  each  age  and  potential  pr  i 
ductivity  class  are  the  same  for  both  methods  : 
computation,  but  the  distribution  of  acres  amoi 
achievement  classes  differs. 

We  did  not  attempt  to  define  what  constitutes 

"low  productivity  area".  But  a  broad  definition  j 
low  productivity  can  be  specified  and  the  numbtj 
of  acres  that  fall  in  that  class  in  the  State  or  one  :; 

the  survey  units  can  be  determined  (tables  1-li.i 
For  example,  if  a  low  productivity  area  is  definii 

as  one  with  a  potential  for  growing  less  than  ■  ] 
cubic  feet/acre/year,  then  in  the  State  of  Wisconsd 

there  are  236,000  acres  of  such  "low  productivittl 
stands  (table  7)  of  all  ages  out  of  a  total 
3,715,000  acres.  Or,  low  productivity  could  be  d 

fined  as  all  stands  with  a  potential  of  less  than '  (! 

cubic  feet/acre/year  and  all  stands  presenti' 
achieving  less  than  50  percent  of  potential  ba& 
on  growing  stock.  In  this  case  you  would  determiii 

the  total  acres  of  "low  productivity"  areas  in  t 
State  by  adding  up  all  acres  with  60  cubic  fee 
acre/year  or  less  potential  (236,000  +  774,000 
1,010,000  acres)  and  those  areas  with  more  thi 
60  cubic  feet/acre/year  that  are  producing  at  • 
percent  or  less  of  potential  (1,178,000  acres)  to  g 

a  total  "low  productivity"  area  in  Wisconsin 
2,188,000  acres.  When  adding  up  both  low  site  ai 
low  achievement  areas,  do  not  double  count  tho 
acres  that  are  both  low  site  and  low  achievemen 

LOCATION  OF  LOW 
PRODUCTrVTTY  AREAS 

Maps  showing  the  location  of  aspen  plots   : 
township  and  range  in  Wisconsin  were  preparr 

by  computer  printout  for  selected  categories  i 
plots.  These  maps  provide  a  visual  impression  i 
plot  locations  and  help  identify  areas  with  a  co 
centration  of  special  categories  of  aspen  plots, 
map  showing  the  location  of  all  inventory  plots 

Wisconsin  typed  as  aspen  in  the  1968  survey  pi( 
vides  a  visual  standard  for  comparing  all  the  oth 

maps  (fig.  2 ).  This  map  and  all  other  maps  measu  t 
percent  of  productivity  achieved  in  terms  of  gro  \ 
ing  stock  basal  area,  not  the  basal  area  of  all  li  > 
trees. 

Figure  3  shows  the  location  of  plots  with  1 1 
lowest  site  productivity  potential;  they  are  capa  • 



Figure  2.  — Location  of  all  inventory  plots  in  the  1968  Wisconsin  Forest  Survey 
typed  as  aspen. 



of  growing  <40  cubic  feet/acre/year.  For  the  plots 
shown  on  this  map,  timber  production  from  aspen 
stands  would  be  low  even  if  full  potential  could  be 

achieved.  The  bulk  of  these  plots  were  concen- 
trated in  two  areas  —  one  in  north-central  Wiscon- 

sin (extending  roughly  from  Tomahawk  to  Park 
Falls),  and  one  in  central  Wisconsin  (roughly  from 
Wisconsin  Rapids  to  Eau  Claire). 

Figure  4  shows  the  location  of  plots  in  the  lowest 
achievement-percent  class;  these  plots  are  achiev- 

ing <25  percent  of  their  potential.  This  map  indi- 
cates where  timber  production  could  be  increased 

substantially  if  full  potential  could  be  achieved. 

Again  areas  of  concentration  are  evident,  particu- 
larly an  area  in  the  north  central  part  of  the  State 

(extending  roughly  from  Tomahawk  to  Hayward). 

Figure  5  shows  the  location  of  plots  on  the  best 
sites;  these  plots  are  capable  of  growing  >80  cubic 
feet/acre/year  but  are  currently  achieving  less 
than  half  of  their  potential.  The  stands  repre- 

sented by  these  plots  occupy  some  of  the  best  sites, 
but  currently  fall  short  of  fully  utilizing  the  site 
potential  for  timber  production.  Most  of  these 
high-potential  areas  are  in  the  north  central  part 
of  the  State. 

DISCUSSION 

In  Wisconsin,  1.7  million  acres  of  aspen  (47  per- 
cent of  the  total  3.7  million  acres  in  aspen)  achieve 

less  than  half  of  their  potential,  if  only  growing 
stock  trees  are  considered  (table  13).  Even  if  all 

live  trees  are  included,  1.0  million  acres  (27  per- 
cent of  the  aspen  type)  achieve  less  than  half  of 

their  potential.  Thus,  aspen  stands  in  Wisconsin 
currently  produce  only  slightly  more  than  half 
their  potential  growing  stock  timber. 

If  it  were  desirable  and  possible  to  reach  full 
production  from  all  of  the  aspen  type,  inventories 
of  aspen  growing  stock  would  be  at  least  80  percent 
higher  than  they  are  currently.  But  attaining  full 
stocking  on  all  acres  of  aspen  type  may  be  an 
unrealistic  goal  (Bruce  1977,  Spurr  and  Vaux 
1976).  Insect  and  disease  epidemics,  windstorms, 
drought,  and  many  other  factors  may  all  contrib- 

ute to  understocking  and  make  full  stocking  on 
every  acre  an  unattainable  goal.  Research  is 
needed  to  determine  why  these  large  areas  are 
understocked  and  to  suggest  measures  that  could 
be  taken  to  improve  stocking. 

The  site  potentials  outlined  in  this  paper  appeair 
reasonable.  A  sizable  portion  of  plots  closely  ap- 

proach their  "potential"  for  the  entire  range  ol 
sites  and  ages.  For  example,  45  percent  of  tht 
1,656  aspen  plots  in  Wisconsin  had  more  thar 
three-quarters  of  their  potential  basal  area  in  all 
live  trees.  Twenty-two  percent  of  all  the  asper 
plots  had  more  than  their  indicated  potential,  if  all 
live  trees  are  included.  Even  if  only  growing  stock 
basal  area  is  considered,  12  percent  of  all  the  plots 
exceeded  the  potential  indicated  for  their  specific 

site  and  age.  This  strongly  indicates  that  the  po- 
tential productivities  used  in  this  report  are  realis- 

tic goals  to  use. 

Thirty-eight  percent  of  the  aspen  type  is  capabh 
of  growing  >80  cubic  feet/acre/year  (total  cubic  ;i 
foot  volume  of  the  entire  peeled  stem).  Seventy- 
three  percent  of  the  type  can  produce  more  than  6C 
cubic  feet/acre/year,  and  94  percent  can  produce 
more  than  40  cubic  feet/acre/year.  Only  6  percent 
of  the  type  is  capable  of  producing  <40  cubic  feet 
acre/year.  The  sites  capable  of  growing  <60  cubic 
feet/acre/year  occupy  27  percent  of  the  aspen  type 
and  would,  if  fully  stocked,  produce  only  17  per 
cent  of  the  potential  volume  from  the  type. 

If  full  potential  stocking  could  be  attained,  Al 
percent  of  the  best  site  aspen  land  fully  stockec 
with  growing  stock  trees  would  produce  as  mucl 
volume  as  the  entire  aspen  type  in  the  State  cur 

rently  produces. 

Table  13. — Aspen  area  by  achievement  classes 
1968  Wisconsin  survey 

TOTAL  BASAL  AREA 

Percent  achievement  class Aspen 

Survey  Unit 

0-25 

26-50 51-75 
76+ 

area 

(percent) 
(acres) 

Northeastern 7 

19 28 47 

1,207,00( 
Northwestern 9 

21 

27 

43 

1,627,00( 
Central 10 12 

32 

45 

699, 00( Southwestern 0 22 27 

51 

78,00( 
Southeastern 11 17 

25 

47 104,00( 

GROWING  STOCK  BASAL  AREA 

Northeastern 14 

26 29 

31 
1,207,00( Northwestern 

20 

30 22 

28 

1,627,00( Central 21 

28 

31 

21 699, 00( 
Southwestern 18 33 33 

14 
78,00( 

Southeastern 

28 

27 

28 

17 
104,00{ 



Figure  3. — Location  of  all  aspen  plots  in  Wisconsin's  1968  Survey  with  the 
potential  for  growing  ̂ 40  cubic  feet  per  acre  per  year. 



Figure  4.  — Location  of  all  aspen  plots  in  Wisconsin's  1968  Forest  Survey  achiev- 
ing =S25  percent  of  potential. 



Figure  5.  — Location  of  all  aspen  plots  in  Wisconsin's  1968  Forest  Survey  capable 
of  growing  80  cubic  feet  per  acre  per  year  but  achieving  ̂ 50  percent 
of  their  potential. 



To  achieve  full  site  potential  in  poorly-stocked 
aspen  stands,  the  existing  stand  may  have  to  be 

removed  and  regenerated  by  appropriate  site  prep- 
aration. But  it  may  not  be  desirable  to  regenerate 

all  sites  to  aspen  —  some  may  be  better  adapted  to 
another  species  or  the  cost  of  site  preparation  to 

ensure  full  stocking  may  exceed  the  benefit. 

A  summary  of  acres  by  physiographic  class  a 
site  index  for  all  aspen  plots  may  give  some  ch 
about  the  potential  for  site  conversion  (tables 
and  15).  Five  physiographic  classes  were  used 
the  Wisconsin  inventory,  ranging  from  xeric  (v( 
dry  droughty  sites)  through  mesic  (deep,  w( 
drained  soils  favorable  to  tree  growth)  to  hyd: 
(where  growth  and  number  of  species  are  seriou, 
limited  by  excess  water). 

Table  14.  — Area  of  aspen  type  in  Wisconsin  by  physiograph  class,  potential  productivity  class,  and  percent- 
achievement  class,  1968  survey^ 

Potential Potential PhvsioQraphIc  Class 

cubic  feet/ 

acre/year 
achieved^ 

Xeromesic MesIc        Hydromesic 

Hydric 
Tot Percent 0-25 ----—-— -Thni  icanH   or* me 

101-120 0 9 2 0 1 
26-50 2 

30 

9 0 A 

51-75 0 42 9 0 c 

76+ 

TOTAL 

0 

25 

0 0 2 

2 107 20 0 12 

81-100 
0-25 

7 138 51 5 2C 

26-50 9 
268 

81 6 

36 
51-75 11 310 

50 

2 

37 

76+ 

TOTAL 

9 
285 

60 0 

35 
36 

1,000 
241 

13 

1,29 
61-80 

0-25 

8 
128 

50 9 

19 

. 26-50 15 242 102 6 36 

51-75 12 
275 

74 0 36 

76+ 

TOTAL 

7 303 55 0 

36 
42 

948 

281 
15 

1,28 
41-60 

0-25 

7 111 

73 

2 

19 

26-50 
11 113 

77 5 20 

51-75 6 114 

43 

8 17 
76+ 

TOTAL 

7 
146 

47 3 

20 

31 

485 
241 17 77 

21-40 
0-25 

7 
16 

53 9 8 

r          26-50 0 

41 

16 10 6 

51-75 3 
15 

5 3 2 

76+ 

TOTAL 

2 36 20 0 5 

12 108 

94 

22 23 

TOTAL 

0-25 29 
402 

229 
25 

68 

26-50 38 695 
285 

27 

1,04 51-75 
32 

756 180 
13 98 

76+ 

TOTAL 
24 

795 182 3 

1,00 124 
2,648 876 

67 

3,71 

^Columns  may  not  add  due  to  rounding. 
^Based  on  all  live  trees. 
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Table  15.  — Area  of  aspen  type  in  Wisconsin  by  physiograph  class,  potential  productivity  class,  and  percent-of- 
achievement  class,  1968  survey^ 

Potential Potential Physiographic  Class 
cubic  feet/ 

acre/year 
achieved^ 

Xeromesic Mesic llydromesic 

Hydric 

Total 

Percent 
0-25 

---..-^....ThniioonH    onroo   

101-120 0 5 oaiiu   ai/ico   
0 0 5 

26-50 0 
18 

4 0 22 

51-75 2 

31 

7 0 

40 

76+ 

TOTAL 

0 
52 

9 0 61 

2 107 20 0 
129 

81-100 

0-25 

2 48 

31 

2 

83 

26-50 9 
185 

71 9 
274 

51-75 9 
294 

48 

0 351 
76+ 

TOTAL 

15 473 

91 

2 
582 36 

1,000 241 

13 

1,290 

61-80 

0-25 

6 

45 

27 7 86 
26-50 4 128 61 2 196 

51-75 

15 
311 

84 

4 414 
76+ 

TOTAL 

16 
463 

108 2 590 

42 948 281 

15 

1,286 
41-60 

0-25 
2 36 

45 

0 83 

26-50 7 80 42 5 
133 

51-75 7 
122 

58 8 
195 

76+ 

TOTAL 

16 246 

96 

5 363 

31 

485 
241 17 

774 
21-40 

0-25 
7 7 28 9 

51 
26-50 0 

27 26 

6 59 

51-75 0 29 

17 

4 

51 
76+ 

TOTAL 

6 
45 

22 

3 

75 

12 
108 

94 

22 

236 

TOTAL 
0-25 

17 141 
131 

18 308 

26-50 

20 438 
205 21 

684 51-75 34 

789 213 
16 

1,051 76+ 

TOTAL 
52 1,280 327 

12 

1,672 124 
2,648 

876 

67 3,715 
^Columns  may  not  add  due  to  rounding. 
^Based  on  growing-stock  trees  only. 
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No  aspen  plots  were  characterized  as  xeric,  so 

only  four  classes  are  presented  here — xeromesic, 
mesic,  hydromesic,  and  hydric.  Seventy-one  per- 

cent of  all  aspen  plots  were  classed  as  mesic,  24 

percent  were  hydromesic,  3  percent  were  xerome- 
sic, and  2  percent  were  hydric.  Mesic  plots  had  the 

highest  average  site  index  (67)  and  thus  the  high- 
est potential  productivity  (76  cubic  feet/acre/year). 

Xeromesic  was  next  (SI  63,  69  cubic  feet/acre/ 
year),  then  hydromesic  (SI  61,  66  cubic  feet/acre/ 
year),  and  last  hydric  (SI  57,  58  cubic  feet/acre/ 
year).  Only  41  percent  of  the  mesic  plots  achieved 
less  than  half  their  potential  in  growing-stock 
trees,  but  54  percent  of  the  xeromesic  plots,  59 
percent  of  the  hydromesic  plots,  and  78  percent  of 
the  hydric  plots  attained  less  than  half  their  poten- 

tial. Thirty  percent  of  the  mesic  plots  and  only  4 
percent  of  the  hydric  plots  achieved  more  than  75 
percent  of  their  potential.  These  data  indicate  that 
mesic  plots  tend  to  have  the  highest  potential  for 
aspen  and  highest  achievement  of  potential,  and 
the  hydric  plots  the  lowest  potential  and  the  lowest 
achievement  of  potential. 

A  look  at  the  distribution  of  plots  by  achieve- 
ment class  within  the  State  reveals  some  interest- 

ing differences  among  survey  units  (table  13 ).  If  all 
live  trees  are  counted,  roughly  45  to  50  percent  of 
the  plots  in  each  survey  unit  attain  more  than  75 

percent  of  their  potential.  However,  if  only  grow- 
ing stock  basal  area  is  counted,  then  the  percent- 
age of  plots  achieving  75  percent  of  their  potential 

is  different  between  survey  units  —  30  percent  in 
the  northern  units,  20  percent  in  the  central  unit, 
and  about  15  percent  in  the  southern  units.  Appar- 

ently the  percentage  of  nongrowing-stock  trees  in 
aspen  stands  increases  from  north  to  south.  Un- 

derstocking of  growing-stock  trees  appears  to  be 
more  of  a  problem  in  the  southern  part  of  the  State 
than  it  is  in  the  north,  but  only  5  percent  of  the 

State's  aspen  type  is  in  these  two  southern  units. 
The  percent  of  stands  achieving  less  than  50 

percent  of  their  potential  does  vary  with  stand  age, 
but  there  is  no  discernable  age  trend. 

CONCLUSIONS 

Much  forest  area  classified  as  aspen  type  in  Wi; 
consin  is  capable  of  producing  high  cubic-foot  vo 
umes  but  is  currently  achieving  less  than  il 
potential.  If  all  aspen  stands  were  fully  stocke 
with  growing-stock  trees  and  achieved  their  fu 
potential,  the  present  inventory  of  aspen  growin 
stock  would  be  approximately  80  percent  highe 
than  it  is  now.  The  possibilities  and  techniques  fc 
reaching  full  stocking  on  aspen  sites  for  a  wid 
range  of  conditions  need  to  be  researchec 
Whether  full  productivity  is  economically,  ecolog 
cally,  or  environmentally  feasible  also  must  b 
determined. 
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[able  1.  — Area  of  aspen  type  in  Wisconsin  by  stand  age  class,  potential  site  productivity  class,  and  percent-of- 
achievement  class,  1968  survey 

Potential 
cubic  feet/ Potential 

achieved^ 

Stand  Age All 

acre/year 0-9 10-19 20-29 30-39 40-43 50-59 60-69 70+ 
ages 

Percent 
0-25 

  T/m/'c*^riW   or* ran 

101-120 

25 

0 0 0 0            0 0 0 5 

26-50 0 7 7 9 0 0 0 0 22 

51-75 0 5 9 17 9 0 0 0 

40 

76+ 

TOTAL 

12 18 16 11 5 0 0 0 

61 
17 30 

31 37 14 
0 0 0 

129 

81-100 
0-25 

238 

14 
18 

10 2 0 0 0 

83 

26-50 19 
32 51 

113 

40 

12 4 2 274 

51-75 11 
40 

69 140 80 9 0 2 
351 76+ 

TOTAL 

112 114 72 
179 

88 11 6 0 
582 

181 200 210 442 211 

32 

11 4 
129 

61-80 
0-25 

240 

9 15 
13 

4 0 0 4 86 

26-50 
25 

12 23 80 

51 

4 2 0 
196 

51-75 32 48 60 
143 

102 
24 

4 2 414 

76+ 

TOTAL 

175 
92 

42 
144 

101 33 2 0 590 

272 161 140 
380 257 

62 

8 6 128 

41-60 
0-25 

243 

12 21 2 2 3 0 0 

83 

26-50 22 21 
25 

33 
15 

14 2 0 
133 

51-75 26 38 25 

45 
44 10 

7 0 
195 

76+ 

TOTAL 

142 60 27 
75 

39 12 4 4 363 

232 131 
99 

155 101 39 13 4 
774 

21-40 
0-25 

230 

15 2 0 2 2 0 0 

51 
26-50 6 9 

14 

28 
2 0 0 0 59 

51-75 8 9 7 18 4 0 2 2 

51 
76+ 

TOTAL 

19 

32 
7 9 4 2 2 0 

75 

63 65 29 55 
13 

4 4 2 
236 

TOTAL 
0-25 

2156 

50 
57 

25 
10 5 0 4 

308 
26-50 73 

81 

119 263 108 30 8 2 

684 51-75 77 139 170 363 239 

43 

13 6 

1,051 1 76+ 

TOTAL 

460 315 164 
418 

238 59 15 4 

1,672 766 586 509 
1,069 

595 137 

37 

17 
3.715 

^Based  on  all  live  trees. 

2|nciudes  plots  classed  as  nonstocked  aspen  type. 
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Table  2. — Area  of  aspen  type  in  Northeastern  Survey  Unit  of  Wisconsin,  by  stand  age  class,  potential  Si 
productivity  class,  and  percent-of-achievement  class,  1968  survey^ 

Potential 

cubic  feet/ Potential 

achieved^ 

Stand  Age All 

acre/vear 0-9 10-19 20-29 30-39 40-49 50-59 60-69 

70-t- 

agess 
Percent 0-25   Thn/icanW   ar» 

ran   

101-120 0 0 0 

  /  ilUL 

0 0            0 0 0 0 

26-50 0 5 0 2 0 0 0 0 7 

51-75 0 0 0 5 0 0 0 0 5 
76+ 

TOTAL 

0 2 7 2 0 0 0 0 

11 

0 7 7 9 0 0 0 0 

23 

81-100 
0-25 

34 

7 2 4 2 0 0 0 

19 

26-50 2 
14 

14 36 2 9 2 0 

79 

51-75 0 
16 

13 
43 

35 2 0 2 
111 76+ 

TOTAL 

40 40 
17 39 27 6 4 0 172 

46 
76 

46 

122 
66 17 6 2 

382 
61-80 

0-25 

39 

6 8 5 2 0 0 2 

32 
26-50 8 2 

13 
36 

25 

0 0 0 

84 
51-75 6 

11 

23 

38 

33 8 0 2 120 
76+ 

TOTAL 

59 22 
15 69 

58 

12 

0 0 
234 82 42 59 148 117 

20 

0 4 
471 

41-60 
0-25 

32 

0 8 2 0 0 0 0 12 

26-50 6 6 12 7 0 4 0 0 

34 
51-75 4 7 

10 
22 

29 

6 2 0 79 

76+ 

TOTAL 
34 

21 8 23 22 10 2 2 122 
45 

34 

38 

54 
51 

19 

4 2 247 

21-40 
0-25 

311 

2 2 0 2 0 0 0 

17 

26-50 2 4 6 8 2 0 0 0 

23 

51-75 2 4 2 9 4 0 0 0 21 

76+ 

TOTAL 

7 5 4 2 4 2 0 0 25 

22 
16 

14 
19 13 

2 0 0 86 

TOTAL 
0-25 

326 

15 
20 11 6 0 0 2 

80 

26-50 17 
31 

46 89 

29 

13 

2 0 227 

51-75 11 38 
48 

116 100 
15 

2 4 336 

76+ 
TOTAL 

140 90 51 136 111 30 6 2 565 

194 174 164 
352 

246 

58 

11 8 

1,207 
^Columns  may  not  add  due  to  rounding. 
^Based  on  all  live  trees. 

^Includes  plots  classed  as  nonstocked  aspen  type. 
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Table  3. — Area  of  aspen  type  in  Northwestern  Survey  Unit  of  Wisconsin,  by  stand  age  class,  potential  site 
productivity  class,  and  percent-of-achieuement  class,  1968  survey^ 

Potential 

cubic  feet/ Potential 

achieved^ 

Stand  Age 

All acre/vear 0-9 10-19 20-29 30-39 40-49 50-59 60-69 

70-1- 

ages 
Percent 
0-25 

101-120 0 0 0 0 0            0 0 0 0 

26-50 0 3 2 4 0 0 0 0 9 

51-75 0 0 7 8 0 0 0 0 

15 

76+ 

Total 

4 7 7 6 0 0 0 0 24 

4 
10 16 19 

0 0 0 0 

49 

81-100 
0-25 

330 

3 12 6 0 0 0 0 

50 
26-50 

15 10 
27 66 

29 

3 2 2 
154 

51-75 8 7 33 

56 

36 4 0 0 145 

76+ 

Total 

44 59 36 108 

43 

2 2 0 
295 

97 

79 
108 237 

108 
9 4 2 645 

61-80 
0-25 

322 

3 0 8 2 0 0 2 

37 
26-50 

13 
5 7 

29 

24 

4 0 0 82 

51-75 21 30 
20 

66 53 

17 

4 0 211 

76+ 

Total 

83 31 11 

52 

34 

17 0 0 228 

138 69 
38 

155 
114 

37 

4 2 558 

41-60 
0-25 

322 

5 
11 

0 2 3 0 0 

43 

26-50 12 7 7 18 
13 

10 2 0 69 

51-75 19 17 0 2 11 2 2 0 55 

76+ 

Total 

65 
27 2 

19 
11 2 2 0 128 

118 
57 

20 39 

37 

17 

7 0 
294 

21-40 
0-25 

34 

10 0 0 0 2 0 0 17 

26-50 4 3 2 12 0 0 0 0 21 

51-75 7 2 2 2 0 0 0 2 

16 

76+ 

Total 

4 22 0 2 0 0 0 0 28 

20 
37 

5 16 0 2 0 2 81 

TOTAL 
0-25 

377 

20 
23 

14 
4 5 0 2 146 

26-50 
43 

27 

45 
130 

66 

17 5 2 335 

51-75 55 57 62 

135 
100 

23 

7 2 
442 

76+ 

Total 

200 

376 

146 
56 

187 
88 

21 4 0 704 

251 
187 467 

259 
66 

15 

7 

1,627 
^Columns  may  not  add  due  to  rounding. 
2Based  on  all  live  trees. 

^Includes  plots  classed  as  nonstocked  aspen  type. 
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Table  4.  — Area  of  aspen  type  in  Central  Survey  Unit  of  Wisconsin,  by  stand  age  class,  potential  site  productiv 
ity  class,  and  percent-of-achievement  class,  1968  survey^ 

Potential 

cubic  feet/ Potential 

achieved^ 

Stand  Age All 

ages 

acre/vear 0-9 10-19 20-29 30-39 40-49 50-59 60-69 

70-1- 

Percent 
0-25 

-— — .Thn/'oanW  Qnroc   

101-120 

32 

0 0 0 0 0 0 0 2 

26-50 0 0 4 0 0 0 0 0 4 

51-75 0 5 2 2 2 0 0 0 12 

76+ 2 5 2 2 2 0 0 0 14 

Total 5 10 9 5 4 0 0 0 

32 81-100 
0-25 

35 

5 5 0 0 0 0 0 

14 
26-50 0 2 7 7 7 0 0 0 

23 

51-75 2 17 
14 

34 4 0 0 0 71 
76+ 

Total 

19 
9 

14 
30 16 0 0 0 88 

27 
33 39 

71 

27 0 0 0 197 

61-80 
0-25 

310 

0 7 0 0 0 0 0 

17 

26-50 2 5 2 
15 

2 0 2 0 

28 

51-75 2 7 16 39 

15 

0 0 0 80 
76+ 

Total 
17 

36 17 
18 

9 2 2 0 101 

32 

48 
42 71 

26 

2 4 0 
226 

41-60 
0-25 

315 

5 2 0 0 0 0 0 22 

26-50 2 7 4 8 2 0 0 0 

24 
51-75 2 7 12 18 5 2 2 0 

49 

76+ 

Total 37 
12 17 

23 

5 0 0 2 95 

56 32 35 50 11 2 2 2 191 

21-40 
0-25 

313 

2 0 0 0 0 0 0 

15 

26-50 0 2 2 2 0 0 0 0 7 

51-75 0 2 2 7 0 0 2 0 14 
76+ 

Total 

7 2 0 5 0 0 2 0 17 

20 9 5 
14 

0 0 4 0 53 

TOTAL 
0-25 

345 

12 
14 

0 0 u 0 0 71 

26-50 5 17 
20 

32 

11 0 2 0 87 

51-75 7 39 
46 

100 27 2 4 0 
226 

76+ 

Total 

83 

64 50 
78 

31 

2 4 2 315 

140 132 131 211 69 5 10 2 
699 

^Columns  may  not  add  due  to  rounding. 
^Based  on  all  live  trees. 

3|ncludes  plots  classed  as  nonstocked  aspen  type. 
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:able  5. -Area  of  aspen  type  in  Southwestern  Survey  Unit  of  Wisconsin,  by  stand  age  class,  potential  site 
productivity  class,  and  percent-of-achieuement  class,  1968  survey^ 

Potential 

cubic  feet/ Potential 

achieved^ 

Stand  Age All 

acre/vear 0-9 10-19 20-29 30-39     40-49 50-59 60-69 

70-»- 

a^es Percent 
0-25 

  Thousand  aci 

0         0 101-120 0 0 0 

c?^   — — 

0 0 0 0 

26-50 0 0 0 2         0 0 0 0 2 

51-75 0 0 0 2         5 0 0 0 7 
76+ 

Total 

6 3 0 0         3 0 0 0 12 

6 3 0 4         7 0 0 0 21 

81-100 
0-25 0 0 0 0         0 0 0 0 0 

26-50 3 3 0 4         2 0 0 0 12 

51-75 0 0 2 6         0 3 0 0 11 

76+ 

Total 

3 0 0 2         3 3 0 0 

11 

6 3 2 12         5 5 0 0 33 

61-80 
0-25 0 0 0 0         0 0 0 0 0 

26-50 0 0 0 0         0 0 0 0 0 

51-75 0 0 0 0         0 0 0 0 0 

76+ 

Total 

2 0 0 2         0 3 0 0 7 

2 0 0 2         0 3 0 0 7 

41-60 
0-25 0 0 0 0         0 0 0 0 0 

26-50 3 0 0 0         0 0 0 0 3 

51-75 0 0 3 0         0 0 0 0 3 

76+ 

Total 

6 0 0 2         2 0 0 0 11 

9 0 3 2         2 0 0 0 

17 21-40 
0-25 0 0 0 0         0 0 0 0 0 

26-50 0 0 0 0         0 0 0 0 0 

51-75 0 0 0 0         0 0 0 0 0 

76+ 

Total 

0 0 0 0         0 0 0 0 0 

0 0 0 0         0 0 0 0 0 

TOTAL 
0-25 0 0 0 0         0 0 0 0 0 

26-50 5 3 0 7         2 0 0 0 17 

51-75 0 0 5 8         5 3 0 0 21 

76+ 

Total 

18 3 0 6         7 5 0 0 40 

23 6 5 21        14 8 0 0 78 

^Columns  may  not  add  due  to  rounding. 
^Based  on  all  live  trees. 
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Table  6. — Area  of  aspen  type  in  Southeastern  Survey  Unit  of  Wisconsin,  by  stand  age  class,  potential  s. 
productivity  class,  and  percent-of-achieuement  class,  1968  survey^ 

Potential 

cubic  feet/ Potential 

achieved^ 

Stand  Age All 

acre/year 
0-9 10-19 20-29 30-39 40-49 50-59 60-69 70+ 

ages Percent 
0-25 

  Thn/'canW   onrao   . 

101-120 

32 

0 0 0 0 0 0 0 2 

26-50 0 0 0 0 0 0 0 0 0 

51-75 0 0 0 0 2 0 0 0 2 
76+ 

Total 

0 0 0 0 0 0 0 0 0 

2 0 0 0 2 0 0 0 5 

81-100 
0-25 

0 0 0 0 0 0 0 0 0 
26-50 0 3 2 0 0 0 0 0 5 

51-75 0 0 8 0 5 0 0 0 

13 

76+ 

Total 

5 6 4 0 0 0 0 0 

16 

5 9 14 0 5 0 0 0 33 

61-80 
0-25 

0 0 0 0 0 0 0 0 0 

26-50 2 0 0 0 0 0 0 0 2 

51-75 3 0 0 0 0 0 0 0 3 
76+ 

Total 

13 
3 0 3 0 0 0 0 20 

19 3 0 3 0 0 0 0 25 

41-60 
0-25 

34 

2 0 0 0 0 0 0 6 

26-50 0 0 3 0 0 0 0 0 3 

51-75 0 6 0 3 0 0 0 0 9 
76+ 

Total 

0 0 0 7 0 0 0 0 7 

4 8 3 10 0 0 0 0 

25 

21-40 
0-25 

32 

0 0 0 0 0 0 0 2 

26-50 0 0 2 6 0 0 0 0 8 

51-75 0 0 0 0 0 0 0 0 0 

76+ 

Total 

0 3 3 0 0 0 0 0 6 

2 3 5 6 0 0 0 0 

16 

TOTAL 
0-25 

38 

2 0 0 0 0 0 0 11 
26-50 2 3 8 6 0 0 0 0 18 

51-75 3 6 8 3 7 0 0 0 26 

76+ 
Total 

19 

12 
7 

10 
0 0 0 0 

49 

32 

23 
22 

19 
7 0 0 0 

104 

^Columns  may  not  add  due  to  rounding. 
^Based  on  all  live  trees. 

^Includes  plots  classed  as  nonstocked  aspen  type. 
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'able  7.  — Area  of  aspen  type  in  Wisconsin  by  stand  age  class,  potential  site  productivity  class,  and  percent-of- 
  achievement  class,  1968  survey^   

Potential 
cubic  feet/  Potential 

acre/year   achieved^ 

Stand  Age 

      All 0-9     10-19     20-29     30-39     40-49     50-59     60-69       70+     ages 

101-120 

81-100 

61-80 

41-60 

21-40 

TOTAL 

Percent 
0-25 

35 

0 2 
  Thousand  acres-   

4         0           0 0 0 

11 

26-50 2 
14 14 

6 5 0 0 0 

41 

51-75 8 6 9 21 7 0 0 0 

51 

76-t- 

2 10 7 4 3 0 0 0 

25 

Total 17 30 
31 37 14 

0 0 0 
129 

0-25 

349 

33 
57 

38 20 3 0 0 
200 

26-50 
22 52 

65 142 60 

14 

4 4 

364 51-75 30 
47 

59 167 63 6 0 0 373 
76+ 

79 
67 

29 
95 

68 

9 6 0 353 

Total 181 
200 210 

442 
211 

32 11 

4 
1,290 

0-25 

371 

16 
34 34 33 

2 2 4 196 

26-50 
46 

47 
40 

140 

64 

24 2 2 366 

51-75 39 
61 

40 
117 85 

14 

4 0 
360 

76+ 117 
37 

26 88 74 22 0 0 365 

Total 272 161 
140 

380 
257 62 8 6 

1,286 0-25 

372 

37 
41 28 11 5 0 0 194 

26-50 41 33 
32 

40 
35 18 7 0 206 

51-75 
31 

26 

17 
53 

31 

8 2 2 171 

76+ 
88 

33 9 
34 24 

8 4 2 
203 

Total 232 131 99 155 101 39 13 4 774 

0-25 

336 

29 
9 4 4 2 0 0 85 

26-50 
11 

5 8 35 4 0 2 2 

67 51-75 0 10 9 7 0 0 0 0 26 

76+ 16 21 2 9 4 2 2 0 58 

Total 63 65 
29 

55 
13 

4 4 2 236 

0-25 

3233 

115 143 109 

67 12 

2 4 686 

26-50 122 152 159 

364 
168 

56 

15 

8 

1,044 51-75 108 151 133 366 186 29 7 2 
981 76+ 302 168 74 231 

174 
40 13 2 

1,004 Total 766 586 509 
1,069 

595 
137 

37 

17 

3,715 

^Columns  may  not  add  due  to  rounding. 
^Based  on  growing-stock  trees  only. 
3|ncludes  plots  classed  as  nonstocked  aspen  type. 

19 



Table  8. — Area  of  aspen  type  in  Northeastern  Survey  Unit  of  Wisconsin,  by  stand  age  class,  potential  ̂  
productivity  class,  and  percent-of-achievement  class,  1968  survey^ 

Potential 
cubic  feet/ Potential 

achieved^ 

Stand Age All 

acre/vear 0-9 10-19 20-29 30-39 40-49 50-59 60-69 70+ age 

Percent 
0-25 

  ThniioonH    Qr»i 

rac 

101-120 0 0 0 2 0           0 0 0 2 
26-50 0 5 0 2 0 0 0 0 7 

51-75 0 0 4 2 0 0 0 0 7 
76+ 

Total 

0 2 2 2 0 0 0 0 7 

0 7 7 9 0 0 0 0 

22 

81-100 
0-25 

36 

13 
10 

15 
4 0 0 0 

47 

26-50 0 23 
13 

38 11 9 2 2 99 

51-75 12 
21 17 

48 

27 4 0 0 
129 

76+ 

Total 

28 
19 

7 

21 25 

4 4 0 106 
46 76 46 

122 66 

17 

6 2 
382 

61-80 
0-25 

315 

8 
13 

9 9 0 0 2 

57 
26-50 6 8 

19 

51 

26 

8 0 2 12c 

51-75 12 

15 
14 

38 44 

2 0 0 i2e 
76+ 

Total 

49 
10 13 49 

38 10 0 0 
168 

82 
42 

59 148 
117 

20 0 4 471 

41-60 
0-25 

39 

2 18 6 2 0 0 0 37 

26-50 10 6 8 18 11 6 2 0 

6C 

51-75 6 12 8 
19 

24 6 0 0 74 

76+ 

Total 

20 

14 
5 11 13 8 2 2 

75 

45 

34 38 

54 
51 

19 

4 2 
247 

21-40 
0-25 

313 

6 4 2 4 0 0 0 30 

26-50 2 2 4 12 4 0 0 0 24 

51-75 0 2 4 2 0 0 0 0 £ 

76+ 
Total 

7 5 2 2 4 2 0 0 

23 

22 
16 

14 

19 

13 2 0 0 

86 

TOTAL 
0-25 

342 

30 

45 

35 

19 

0 0 2 
173 

26-50 18 
45 43 

122 

52 

23 4 4 
31C 

51-75 30 
49 47 

110 95 12 0 0 
344 76+ 

Total 
104 

50 
28 86 

80 

24 6 2 380 

194 174 164 
352 

246 58 11 8 

1,207 
^Columns  may  not  add  due  to  rounding. 
^Based  on  growing-stock  trees  only. 
^includes  plots  classed  as  nonstocked  aspen  type. 
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Table  9. -Area  of  aspen  type  in  Northwestern  Survey  Unit  of  Wisconsin,  by  stand  age  class,  potential  site 
productivity  class,  and  percent-of-achievement  class,  1968  survey^ 

Potential 

cubic  feet/ Potential        _ Stand  Age All 

acre/year 
achieved^ 

0-9 10-19 20-29 30-39 40-49 50-59 60-69 

70-t- 

aies Percent 
0-25 

  ThnnoianH    nni 

'ao   

101-120 0 0 0 

1  ilUl 

0 0            0 0 0 0 

26-50 0 5 9 4 0 0 0 0 18 

51-75 2 0 4 
13 

0 0 0 0 

19 

76+         _ 

Total 

2 5 2 2 0 0 0 0 

11 
4 

10 16 19 
0 0 0 0 

49 

81-100 
0-25 

336 

10 36 
17 

16 3 0 0 117 

26-50 17 12 
34 

77 

34 

2 2 2 180 

51-75 11 
15 

23 90 

26 

2 0 0 166 

76+ 

Total 

33 42 16 

54 32 

2 2 0 182 

97 

79 
108 237 108 9 4 2 645 

61-80 
0-25 

337 

7 7 16 22 2 0 2 

93 
26-50 

28 
15 

16 

60 32 

17 2 0 
170 

51-75 19 
29 

9 
49 

30 7 2 0 
146 

76+ 

Total 

55 
17 

7 29 30 12 0 0 
149 

138 69 
38 

155 
114 

37 

4 2 
558 

41-60 
0-25 

331 

12 
14 

16 9 5 0 0 86 

26-50 26 22 7 4 17 10 5 0 

91 
51-75 

15 
5 0 6 2 2 0 0 

30 
76+ 

Total 

46 
17 0 

12 
9 0 2 0 86 

118 
57 

20 
39 

37 

17 7 0 
294 

21-40 
0-25 

39 

17 0 0 0 2 0 0 

29 

26-50 6 2 5 
12 

0 0 0 2 28 

51-75 0 0 0 2 0 0 0 0 2 

76+ 

Total 

4 17 0 2 0 0 0 0 

23 

20 
37 

5 16 0 2 0 2 81 

TOTAL 
0-25 

3112 

47 
56 

49 46 

12 0 2 325 

26-50 77 
57 

70 
158 

83 

28 9 4 
487 

51-75 

46 49 
36 160 58 

12 

2 0 
364 76+ 

Total 

140 
97 

25 
100 

71 14 4 0 451 

376 251 187 467 
429 

66 

15 

7 

1,627 
^Columns  may not  add  due  to  rounding. 

2Based  on  growing-stock  trees  only. 

3|ncludes  plots  classed  as  nonstocked  aspen  type. 
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Table  10. — Area  of  aspen  type  in  Central  Survey  Unit  of  Wisconsin,  by  stand  age  class,  potential  siti 
productivity  class,  and  percent-of-achievement  class,  1968  survey^ 

Potential 

cubic  feet/ Potential 

achieved^ 

Stand  Age All 

acre/year 0-9 10-19 20-29 30-39 40-49 50-59 60-69 
70+ 

ages Percent 
0-25   T/in/'conW   or* 

'■00 

101-120 

32 

0 2 0 0            0 0 0 4 

26-50 0 5 5 0 2 0 0 0 12 

51-75 2 2 0 5 2 0 0 0 12 
76+ 

Total 

0 2 2 0 0 0 0 0 5 

5 10 9 5 4 0 0 0 

32 81-100 
0-25 

35 

5 9 2 0 0 0 0 

21 

26-50 2 
14 14 

21 11 0 0 0 

62 
51-75 7 12 9 

30 

5 0 0 0 63 
76+ 

Total 

12 2 7 
18 

11 0 0 0 51 

27 33 
39 

71 27 0 0 0 197 

61-80 
0-25 

315 

0 
14 

9 2 0 2 0 

41 

26-50 5 
24 

5 28 6 0 0 0 68 

51-75 2 17 
16 

27 11 2 2 0 

79 

76+ 

Total 

10 
7 7 7 7 0 0 0 38 

32 

48 42 
71 26 2 4 0 

226 

41-60 
0-25 

325 

15 
9 6 0 0 0 0 55 

26-50 2 5 11 16 4 2 0 0 42 

51-75 7 
10 

10 

20 

5 0 2 2 

56 
76+ 

Total 

22 2 5 7 2 0 0 0 

38 56 32 
35 50 11 2 2 2 191 

21-40 
0-25 

313 

5 2 2 0 0 0 0 23 

26-50 2 0 0 5 0 0 2 0 9 

51-75 0 4 2 2 0 0 0 0 9 
76+ 

Total 

5 0 0 5 0 0 2 0 12 

20 9 5 14 0 0 4 0 

53 TOTAL 
0-25 

360 

24 
37 

19 
2 0 2 0 

144 26-50 12 47 35 

70 

24 

2 2 0 
193 

51-75 
19 

45 

37 

84 

22 2 4 2 218 
76+ 

Total 

49 
14 21 

37 

21 0 2 0 
144 140 132 131 211 69 5 10 2 699 

^Columns  may  not  add  due  to  rounding. 
^Based  on  growing-stock  trees  only. 
3|ncludes  plots  classed  as  nonstocked  aspen  type. 
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Fable  11. -Area  of  aspen  type  in  Southwestern  Wisconsin,  Survey  Unit  by  stand  age  class,  potential  site 
productivity  class,  and  percent-of-achievement  class,  1968  survey^ 

Potential 

cubic  feet/ Potential 

achieved^ 

Stand  Age All 

acre/vear 
0-9 10-19 20-29 30-39     40-49 50-59 60-69 

70+ ages 

Percent 
0-25 

  Thousand  aci 

2         0 101-120 0 0 0 

Co  
 

0 0 0 2 

26-50 2 0 0 0         0 0 0 0 2 

51-75 3 3 0 2         5 0 0 0 13 
76+ 

Total 

0 0 0 0         3 0 0 0 3 

6 3 0 4         7 0 0 0 21 

81-100 
0-25 

33 

3 0 4         0 0 0 0 9 

26-50 0 0 0 7         2 3 0 0 

11 

51-75 0 0 2 0         3 0 0 0 5 

76+ 

Total 

3 0 0 2          0 3 0 0 8 

6 3 2 12          5 5 0 0 33 

61-80 
0-25 

0 0 0 0          0 0 0 0 0 

26-50 2 0 0 0         0 0 0 0 2 

51-75 0 0 0 2         0 3 0 0 5 

76+ 

Total 

0 0 0 0         0 0 0 0 0 

2 0 0 2         0 3 0 0 7 

41-60 
0-25 

33 

0 0 0         0 0 0 0 3 

26-50 3 0 3 2         2 0 0 0 10 

51-75 3 0 0 0         0 0 0 0 3 

76+ 

Total 

0 0 0 0         0 0 0 0 0 

9 0 3 2          2 0 0 0 17 

21-40 
0-25 0 0 0 0         0 0 0 0 0 

26-50 0 0 0 0         0 0 0 0 0 

51-75 0 0 0 0         0 0 0 0 0 

76+ 

Total 

0 0 0 0         0 0 0 0 0 

0 0 0 0         0 0 0 0 0 

TOTAL 
0-25 

36 

3 0 6         0 0 0 0 14 

26-50 7 0 3 9         4 3 0 0 

26 

51-75 7 3 2 4         7 3 0 0 26 

76+ 

Total 

3 0 0 2         3 3 0 0 11 
23 

6 5 21        14 8 0 0 78 

^Columns  may  not  add  due  to  rounding 
2Based  on  growing-stock  trees  only. 
3|ncludes  plots  classed  as  nonstocked  aspen  type 
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Table  12. — Area  of  aspen  type  in  Southeastern  Survey  Unit  of  Wisconsin  by  stand  age  class,  potential  s  i 

productivity  class,  and  percent-of-achievement  class,  1968  survey^ 
Potential 

cubic  feet/ Potential 

achieved^ 

Stand  Aqb 

Alii 
ages! 

acre/year 0-9 10-19 20-29 30-39 40-49 50-59 60-69 

70-J- 

Percent 
0-25 

  Thni/canW   or^i 

-or 

101-120 

32 

0 0 0 0            0 0 0 2 

26-50 0 0 0 0 2 0 0 0 2 

51-75 0 0 0 0 0 0 0 0 0 

76+ 

Total 

0 0 0 0 0 0 0 0 0 

2 0 0 0 3 0 0 0 5 

81-100 
0-25 

30 

3 2 0 0 0 0 0 

5i 

26-50 3 3 4 0 2 0 0 0 12^ 

51-75 0 0 8 0 3 0 0 0 

111 
76+ 

Total 

3 3 0 0 0 0 0 0 

6j 
5 9 14 0 5 0 0 0 

33 

61-80 
0-25 

35 

0 0 0 0 0 0 0 5 

26-50 5 0 0 0 0 0 0 0 5 

51-75 5 0 0 0 0 0 0 0 5 
76+ 

Total 

3 3 0 3 0 0 0 0 

95 

19 
3 0 3 0 0 0 0 25] 

41-60 
0-25 

34 

8 0 0 0 0 0 0 
12? 26-50 0 0 3 0 0 0 0 0 

3] 

51-75 0 0 0 7 0 0 0 0 

7: 

76+ 

Total 

0 0 0 3 0 0 0 0 

31 

4 8 3 10 0 0 0 0 

25 

21-40 
0-25 

32 

0 2 0 0 0 0 0 4 

26-50 0 0 0 6 0 0 0 0 6 

51-75 0 3 3 0 0 0 0 0 6 

76+ 

Total 

0 0 0 0 0 0 0 0 0 

2 3 5 6 0 0 0 0 16 

TOTAL 
0-25 

313 

11 5 0 0 0 0 0 

29 

26-50 8 3 7 6 4 0 0 0 28 

51-75 5 3 10 7 3 0 0 0 

29 

76+ 

Total 

6 6 0 6 0 0 0 0 18 

32 23 22 
19 

7 0 0 0 

104. 

^Columns  may  not  add  due  to  rounding. 
^Based  on  growing-stock  trees  only. 
3|ncludes  plots  classed  as  nonstocked  aspen  type. 
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